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The importance of the problem "Mineral nutritional studies on some 
new cultivars of triticale" was mentioned and justification for the present work 
has been given in Chapter 1, with the available information regarding triticale 
and mineral nutrition has been reviewed in Chapter 2. The details of materials 
and methods adopted during the four field experiments was given in Chapter 3, 
whereas the results obtained were summarised in Chapter 4, and discussed in 
the light of other researches in Chapter 5. 
Experiment 1 (1998-99) was a simple cultivar field trial to study the 
adaptation and response of 200 newly released triticales with regard to 
germination, lodging, days to heading and maturity, disease resistance, growth, 
yield and quality in comparison to a locally popular wheat (HD-2204). A 
uniform basal, dose of N150P30K30 was applied prior to sowing. On an average, 
all triticales showed better germinability, resistance to lodging as well as 
disease and curtailment in days to heading and maturity compared with the 
wheat check. The grain yield varied from 22.14 - 54.95q ha"' with an average 
of 36.17q ha', while wheat recorded 47.0q ha'. Five cultivars gave higher 
grain yield than wheat. In general, triticales possessed higher grain protein 
content than the wheat check. 
Experiment II (1999-2000) was conducted in the field according to 
factorial randomised block design on nine cultivars of triticale selected on the 
basis of the data of Experiment I, keeping the same wheat check while applying 
0, 100, 150 and 200kg N ha"' with uniform dose of phosphorus (30kg ha"') and 
potassium (30kg ha"'). Higher doses of nitrogen, particularly excess N (N200), 
which proved deleterious, caused lodging. Days to heading and maturity were 
also adversely affected. In general, N150 proved optimum for most growth 
characteristics. However dry weight, leaf N and NRA gave maximum values in 
N200 at early stages of growth. Moreover, at milky grain stage, N150 proved 
optimum for these parameters. Yield characteristics were also most favourably 
affected by N150 while N200 proved deleterious and Nioo, inadequate. Treatment 
Ni5o proved optimum for protein yield, lysine content, lysine yield, 
carbohydrate content and yield, as grain yield was maximum in this treatment. 
On the other hand, N200 proved optimum for grain N and protein content. 
Cultivar En 140 performed best with respect to growth and yield 
followed by En 33. Both out-yielded the wheat check in grain yield, protein 
yield, lysine yield and carbohydrate yield, whereas En 28 and En 8 proved at 
par with the wheat check in grain yield while the rest of the cultivars were 
inferior to wheat. All the cultivars surpassed the wheat check in protein and 
lysine content. However, wheat proved comparatively better than most 
triticales in carbohydrate content. 
Experiment III was also conducted in the field during the year 
1999-2000. The aim of this factorial randomised experiment was to test the 
comparative performance of the same nine triticales (as tested in 
Experiment II) in comparison to wheat check under 0, 30, 60 and 90kg P ha' 
with a uniform dose of Nisoand K30. Treatment P60 proved optimum while P90 
proved wasteful and P30, deficient for most of the growth and yield parameters. 
Leaf P and N contents were increased with P application at all the three stages 
and leaf NRA, at tillering stage only, while leaf K content and grain protein and 
lysine contents were not affected by P application. However, Peo increased the 
grain carbohydrate content. 
Cultivar En 140, again gave the maximum values for almost all growth 
characteristics as well as photosynthetic rate, leaf P and K content, yield 
characteristics, as also including grain yield, above ground biomass, protein, 
lysine and carbohydrate yield. It was followed by En 33 and surpassed wheat 
check in grain yield whereas, the rest of the cultivars were inferior to wheat. Most 
triticales proved superior to the wheat check in grain protein content, while all 
surpassed it in lysine content, with En 186 being the best for the former and En 140 
for the latter. However, wheat proved superior to all triticales for grain carbohydrate 
content with En 33, only being at par with it for this parameter. 
Experiment IV (2000-2001) was also a factorial randomised block design 
field experiment based on observations made in Experiments I, U and III, where 
from two highly adaptive cultivars were tested against the same wheat check. The 
aim of this experiment was to find out whether single or spht apphcation of N is 
preferable. Further, to determine the most efficacious dose of phosphorus for the 
proposed strategy of N application, two of the more effective doses emerging in 
Experiment III, viz. P6o and P90 were included in this last trial while potassium was 
added uniformly at K30. By and large, split application Nioo+50 proved better than 
single application of N150 as well as the split N dose (N150+50). The latter dose proved 
deleterious for most of tlie parameters studied except protein content. The efficacy 
of split application was also confirmed by nitiogen and seed yield merit, and merit 
of genotype, which also gave optimum values for the dose Nioo+so- However, 
application of 60kg P ha"' proved at par with the higher dose (90kg P ha"') with both 
single or split N dressing. 
En 140 maintained its superiority over En 33 and the wheat check in yield as 
well as in quaUty, except for grain carbohydrate content. Therefore, N100+50P60K30 
interacting with En 140 proved the best combination for almost all yield, quahty and 
related characteristics. 
Conclusion 
1. The present study clearly indicates that the agroclimatic conditions of 
Aligarh are well suited for the commercial cultivation of some selected 
triticales. 
2. Triticales tested showed on an average better germination (92%) with nine 
cultivars showing marked improvement (100^5^ 
3. More than 25 triticales tested in the present trials were found resistant to 
lodging, matched the wheat check and may, therefore, be categorised as 
lodging resistant. 
4. Improvement in days to heading and maturity was also observed. 
However, 6-14 more days were taken when compared with wheat. 
5. Most of the triticale cultivars were found rust resistant. 
6. Triticale proved better than the wheat check in terms of grains ear'' but 
poorer in 1,000 grain weight. However, considerable improvement was 
noted in the present triticales when compared with earlier studies at 
Aligarh and elsewhere on older cultivars. 
7. Triticale cultivars En 140 and En 33 showed a high degree of 
adaptability with respect to growth, yield and quality characteristics in 
all the trials. 
8. In grain quality, triticale proved better in protein percentage and it was 
also richer in lysine in comparison to wheat. However, in carbohydrate 
percentage wheat proved better than most of the triticales. 
9. Based on growth, yield and quality, 150kg N ha"', with 60kg P ha'' and 
30kg K ha"', proved effective for maximum exploration of the genetic 
potential of these cultivars. While the higher doses of nitrogen as well as 
of phosphorus proved wasteful. 
10. Split application of nitrogen (Nioo+so) through top dressing at tillering 
proved more beneficial than single application of equivalent quantity 
(Ni5o) at sowing. 
Thus, triticale cultivars En 140 and En 33 may profitably replace wheat 
at Aligarh and adjoining areas with basal application of PeoKso, nitrogen being 
applied with Nioo as starter dose at the time of sowing and N50 as top dressing 
at tii.w ig stage. The higher protein and essential amino acid lysine content of 
these cultivars would also help in the promotion of triticale specially among the 
diet conscious people. 
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INTRODUCTION 
CHAPTER-1 
INTRODUCTION 
The challenge to feed world population, likely to rise 8 billion by 2020, 
is formidable particularly due to recent decline in yields of several crops 
(Miflin, 2000). In India, the demographic projections indicate that the per 
capita land availability (0.14 ha in the year 2002) will go down to 0.10 ha after 
about two decades. Besides, the quality of land is likely to decline on account 
of urbanization, industrialization and civic needs in addition to soil pollution. 
This decline in yields, land area and land quality will furtlier complicate 
the problem of food availability as pointed out by Singh (2001) in his address, 
"A hunger free India m 21^* century", during the 88* Indian Science Congress 
Session. As about 208 million, out of nearly 800 million undernourished people 
of the world, live in India therefore, given the population equation and the 
projected growth rate, the pace of increase in the productivity will have to be 
accelerated in order to provide food to the last person. The expansionist 
agriculture at present is no longer possible. The intensive agriculture is the only 
hope for land-short developing countries to increase the food production by 
vertical intensification. The strategies should be to consolidate the gains of the 
past utilizing unexploited potentials, increasing input use efficiency, improving 
physiological efficiency, crop management and nutritional fortification which 
are supposed to be the main building blocks for a vibrant agricultural sector. 
The means for increasing the yield of crops are being intensively 
explored. In this connection the development of a crop "triticale" 
(X Triticosecale Wittmack) with high yield potential coupled with nutritional 
quality was a significant achievement in the present day agriculture. It 
combines some of the best properties of wheat and. rye in its genome. 
It has a greater potential for higher biomass production as compared to other 
cereals and has registered higher yields as a food and feed crop 
(Gustafson et al., 1991). Triticale also possesses wide range of adaptation, and 
is claimed to grow better under unfavourable conditions due to greater potential 
of tolerance. Therefore, it is known to have performed better in the highlands 
of Mexico (Zillinsky, 1974, 1985; Campuzano et al, 2001; Sierra et al., 2001), 
stress conditions of Turkey (Ozkan et al., 1999), adverse climate of Europe 
(Suijs, 1986; Boggini et al., 1997) including those of Poland (Lapinski, 1989; 
Lapinski et al., 1996), acidic soils with aluminium toxicity in Brazil (Baier, 
1991, 1996; Oettler et al, 2000) and Canadian prairies (Salmon et al, 2000; 
McLeode/a/., 2001). 
In cereals, high grain yield is not the only criterion as nutritional value is 
equally important. Triticale, in general, contains high grain protein and more 
balanced amino acid composition with higher proportion of lysine than do 
wheat, barley and rice. These nutritional advantages have made triticale a 
feasible alternative to traditional grains in the diet of livestocks and human 
beings (Gatel et al, 1984; Erickson and Elhott, 1985; Varughese et al, 1996b; 
Bruckner et al, 1998). 
One way to ensure high yields together with better quality of a cultivar 
is the optimization of various inputs under the regional agroclimatic conditions 
where it has to be cultivated. As crop yields are limited particularly by the three 
primary macronutrients (NPK) since these are removed in large quantities by 
the crops, the "green revolution" in India which exploited the potential of high 
yielding dwarf varieties of wheat would not have been possible without 
increase in fertilizer (NPK) input. Soil fertility can, therefore, be maintained 
only by supplying these nutrients as fertilizers timely and in adequate 
quantities. 
Of the essential and indispensable nutrients, nitrogen is the first limiting 
nutrient and its adequate external supply to crops, including cereals, is mainly 
responsible for higher yields and improved quality. It is mostly used in the 
synthesis of protein and is structurally also the component of chlorophylls. 
Phosphorus, on the other hand, is essential in supplying phosphates, which act 
as a linkage unit or binding site. The stability of phosphate enables it to 
participate in numerous energy capture, transfer and recovery reactions which 
are vital for plant growth. Its application has been reported to strengthen the 
plant architecture and to increase grain yield in many crops, including cereals. 
Potassium is necessary for many plant fimctions, including carbohydrate 
metabolism, enzyme activation, osmoregulation and translocation of 
assimilates. It has also a role in decreasing certain plant diseases and lodging in 
cereals, including triticale. Fertilizer application particularly of nitrogen as a 
late supplement, tends to increase grain yield, grain protein level and also 
affects protein composition. It reduces the chances of nitrogen losses without 
affecting its uptake adversely and ameliorates nutritional deficiency if any, 
during the crucial phase of ear emergence and grain filling. 
Therefore, on the basis of experience and data obtained earlier at 
Aligarh by Afridi, SamiuUah, Inam and their associates, the following four 
field trials were laid out. The aim was to select triticale cultivars best suited to 
local conditions and to explore the possibility of obtaining high yield and 
quality by working out their optimum dose of NPK. The objectives of each of 
the four field experiments are given below. 
1. The first experiment was a cultivar trial on 200 newly released triticales 
from CIMMYT, Mexico together with a locally popular wheat check. 
The aim of this experiment was to select the cultivars best suited to local 
conditions for further experiments on the basis of germinability, lodging 
and disease resistance, maturity, yield and quality. 
2. The second experiment was cultivar cum fertilizer trial, where four 
levels of nitrogen (0, 100, 150, 200kg ha ') were tested on selected nine 
cultivars of triticale and one wheat check, in order to select the optimum 
nitrogen requirement. 
3. The third experiment (also conducted on the same nine cultivars and 
wheat check) received four levels of phosphorus (0, 30, 60, 90kg ha"'). 
The aim of the experiment was to find out the optimum dose of 
phosphorus and further screening of cultivars on the basis of their 
perfprmance. 
4. The fourth and last experiment was conducted on two best yielding 
cultivars selected on the basis of our data of earlier experiments taking 
the same wheat check. The aim of the experiment was to find out 
whether split application of nitrogen could prove advantageous over 
single application, in bringing out maximum yield potential of the 
selected cultivars. 
The relevant review of literature and the details of materials and 
methods employed follow. The results of each experiment have been given in 
some detail and their significance discussed in the light of the published work 
of other researchers. The summary, appendix and bibliography cited in the text 
follows serially. 
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CHAPTER-2 
REVIEW OF LITERATURE 
2.1 Triticale history 
Triticale, a probable future man-made hybrid cereal crop with high 
genetic potential, has attained some commercial value within the time span of 
little over 100 years since its origin as compared to wheat which took 
thousands of years for its evolution and establishment in nature. Credit should 
go to Stephen Wilson, a Scottish research worker, who in 1875, reported the 
first successful cross between wheat and rye during the transaction of 
Edinburgh Botanical Society after dusting the emasculated pollens from rye 
plant upon the stigma of wheat. However, the few seeds so produced 
germinated and developed as sterile plants. Just after a decade or so, the first 
fertile and true breeding triticale was reported by a German breeder, Rimpau in 
1891. Because of low fertility and difficulty in obtaining viable seeds, this 
hybrid remained an academic curiosity for few more decades. It started again in 
1918, when thousands of natural hybrids appeared in wheat fields at Saratov 
Research Station (Russia). After passing through several generations, true 
breeding more or less fertile derivatives were developed by Meister (1921) and 
exploited these hybrids for several years. Later, Miintzing in 1934 at Svalov, 
Sweden, initiated exhaustive research on triticale and continued it for many 
years. Significant breakthrough ultimately was made by Pierre Givaudon in 
1937, by treating the sterile seedlings with colchicine, which resulted in 
production of fertile triticales by doubling their chromosomes. This thrilling 
discovery together with embryo culture techniques developed in 1940, opened 
the door for the development of triticale as a potential grain crop (Briggle, 
1969; Hulse and Spurgeon, 1974; Miintzing, 1974; Zillinsky, 1974; Inam, 
1992; Varughese el al., 1996a, b). 
In 1947, triticale improvement programme was started in Hungary 
followed by some other countries of Europe and North America. Extensive and 
productive triticale research programme was undertaken at the University of 
Manitoba, Canada and CIMMYT (Mexico), which was the beginning of 
today's triticale. This programme had started in 1954 with the estabhshment of 
Rosner research chair at Manitoba. The triticale that had originated here 
showed remarkable hybrid vigour in Mexico. Unfortunately, it was late 
maturing, tall and bearing sterility. However, between 1959 and 1962, due to 
extensive crossing among more fertile primary triticales, some secondary 
triticales were produced. By 1967, new cultivars of triticale were developed 
whicli recorded yield as high as standard cultivars of bread wheats in the 
Western Canada. Therefore, for modest production, at Manitoba, the selected 
cultivars were grown under contract for fermentation and distilling industries. 
Some of the new cultivars also showed high potential as fodder crop. By 1969, 
a new cultivar of triticale "Rosner" was released for commercial purpose in 
Canada. 
CIMMYT (Mexico) in 1969, initiated the progranmie at international 
level for testing the triticales. The first International Triticale Yield Nursery 
(IT^•N) was grown in 1969-70 at different locations. Since then, ITYNs were 
continuously conducted all over the world including Aligarh (India) under 
varied agroclimates. Data recorded from these nurseries indicated that triticale 
which was lagging behind wheat and other cereals in earlier trials has now 
almost completely outyielded them in many agroclunatic conditions. 
Tlie first International Triticale Association was established in 1986 and 
in the same year first triticale symposiimi took place at Sydney, (Australia). It 
was for the first time when merits and demerits were discussed by researchers 
involved in triticale research. This raised the interest in the mind of people for 
cultivating triticale as a new crop in their field. Therefore, in 1987, Poland 
became the first largest country where triticale was cultivated on an area of 
about 6,00,000 ha. The 2""* and 3"* International Triticale Symposiums were 
organised at Passo Fundo (Brazil) and Lisbon (Portugal) during the years 1990 
and 1994 respectively (Varughese, et al., 1996a, b). There were no definite 
reports on acreage and production of triticale world wide. However, mention 
may be made of Hulse and Spurgeon (1974) who reported an acreage of about 
4,00,000 hectares in 52 countries while another report appeared (Anonymous, 
1982) for about 5,00,000 hectares under triticale cultivation. From European 
belt, neaily 5,00,000 hectares of land was estimated under triticale production 
with major cultivation in France (Suijs, 1986). More recently Varughese et al. 
(1996a, b) gave an estimated area of 2.5 million hectares under triticale 
cultivation all over the world with an estimated production of six million 
tonnes. 
2.2 Nomenclature 
Triticale - as hybrid of wheat and rye, expectedly showed resemblance 
morphologically in one way or the other with both the parents. However, it 
must be admitted that it resembles wheat more than rye due to the dominance 
of wheat traits, but possess more vigorous growth than either parents. There 
was no general agreement among the taxonomists regarding the naming of this 
hybrid cereal, and it remained a taxonomical problem. Thus, different names 
have been suggested from time to time. Mention may made of Tschermak and 
Bleier (1926) who suggested the name as "Aegilocale" for an Aegilops x 
Secale hybrid and "Aegilotricale" for hybrid combining three genera Aegilops, 
(riticum and Secale. Later on, "Aegilotriticale" was used by Leighty and Sando 
(1927) to indicate the clear presence of Triticum. The name "Triticale" coined 
from prefix of Triticum (wheat) and suffix of Secale (Riley and Chapman, 
1957), appeared in the scientific literature for the first time in 1935. Credit may 
go to Tschermak, one of the rediscoverers of Mendelian work (Lindschau and 
Oehler, 1935). Larter et al. (1968) suggested two names as ''Triticale 
hexaploide" and "Triticale octaploide" as a specific name for 42 and 56 
somatic chromosome forms, respectively. In 1966, Kiss proposed "Tnticum 
Tnticale" as a designation for hexaploid triticale. 
Later, Baum (1971) suggested another name "XTriticosecale Wittmaclc" 
an accepted scientific nomenclatm^e for triticale. However, Mc Vaugh (1973) 
subsequently reported that the conservation of Triticale was recommended 
because the name has become well known as the "generic" name for hybrids 
between Triticum and Secale. Zillinsky (1974) argued that triticale should be 
placed under the genus "Triticum'" on the basis of precedent and genomic 
relationship. While Baum and Gupta (1990) made strong argument to elevate 
triticale to generic status and provided a key for distinguishing genera Secale, 
Triticum, Aegilops and XTriticosecale. At present, XTriticosecale Wittmack 
though recommended for continuous usage by Stace as mentioned by 
Varughese et al. (1996a), for the sake of general acceptability and popularity, 
the name "Triticale" will be used in the present thesis. 
2.3 Types 
Based on the historical development, Muntzing (1979) classified triticale 
into five types: 
1. Primary triticales 
2. Recombinant secondary triticales 
3. Secondary triticales 
4. Substitute triticales 
5. Secondary substitute triticales 
Gupta and Priyadarshan (1982) classified triticale into two types: 
1. Primary triticales - as a raw amphiploids derived from Triticum and 
Secale genera. They contain all seven pairs of rye chromosomes. 
2. Secondary triticales - as a stable derivatives from intercrossing primary 
(hexaploid and octaploid) triticale, wheat, rye and other secondary 
triticales. 
According to National Research Council (1989), two major types of 
hexaploid triticales were commercially grown: 'Complete' and 'Substituted'. 
Complete triticale contains in addition to the "A" and "B" genomes of wheat 
(Triticum turgidum) all seven pairs of chromosomes from rye (Secale cereale) 
whereas in substituted triticales,, the rye chromosome 2R has been replaced by 
chromosome 2D of hexaploid wheat (Triticum aestivum). Varughese (1991) 
distinguished two types of triticales according to their growth habits; winter 
triticales, which needs vernalization for floral differentiation and spring 
triticales, which does not need vernalization. Varughese et al. (1996a), on the 
basis of ploidy level and genomic composition further classified triticales into: 
1. Tetraploid triticale (2n=28), whose genomic composition can be AABB, 
DDRR or a balanced mixture of A, B, D and R genomes. 
2. Hexaploid tiiticale (2n=42) which was an amphiploid resulting from 
cross between wheat {Triliciim turgidum L.) and rye (Secale cereale) 
with a genomic composition AABBRR. The hexaploid triticales were 
extensively used triticale forms all over the world including at 
CIMMYT yearly triticale trials. 
3. Octoploid triticale (2n=56) has a genomic composition of AABBDDRR 
and was the result of cross between wheat (Triticum aestivum L.) and 
rye (Secale cereale). 
2.4 Adaptations 
Every individual plant or species try to adapt itself by adjusting to the 
sunoundings. It may be limited in its distribution or range widely over broad 
area of physical environments in search of space, nutrients and moisture for 
survival, growth and development. Thus, the plants may be affected by various 
physiological, biological, chemical and physical factors. Therefore, each plant 
must be fairly and accurately adjusted to its habitat, at least in that it surpasses 
certain minimum adaptational requirements. Finlay and Wilkinson (1963) 
stated that "adaptability can be measured in quantitative way through 
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calculations involving average grain yield of many varieties". Oka (1967) 
classified adaptations into two classes, general and special. General adaptation 
is a complex genetically determined characteristics which makes high stable 
yields possible under different ecological conditions. On the other hand special 
adaptation as a tolerance to specific conditions. While Matsuo (1975) defined 
adaptation as a "capacity of genotype to give high and stable yields under 
different environmental and cropping conditions and in different years". 
According to Beeby (1995), the species may be abundant in a particular region 
when the conditions for its growth and reproduction are optimum. 
Triticale showed a wide range of adaptation over different as well as 
adverse agroclimatic conditions. Being hybrid of wheat and rye, contribution 
with regard to adaptation and yield potential has been received from both the 
parents. It is known for its high potential yield due to 'A' and 'B' genome of 
wheat and adaptation to relatively dry environments. On the other hand, rye, 
the 'R' genome donor has comparatively lower yields but is more adapted to 
extremes like cold, drought and acidic soils in addition to others. 
The interest among the researchers of this cereal in recent years resulted 
in developing new cultivars, which have good level of adaptations to climatic 
and soil conditions and their effective utilization of even low levels of mineral 
nutrients. These new cultivars are more adapted to suboptimal environmental 
factors, specially these are tolerant to low soil pH as well as salinity and high 
aluminium concentrations (Qualset and Guedes-Pinto, 1996). Due to the 
inlierent problems in earlier periods, selection pressure to fit triticale to many 
ecological conditions had not been involved as with other cereals. Thus, the 
genetic base remained narrow, which limited its adaptation to different 
latitudes, elevations, temperature extremes, day length and other factors. Thus, 
remained dependent on the limited variation present within its component 
genomes (Anonymous, 1972). For getting broader adaptations, there was a 
need to widen the germplasm base. This process was further accelerated by the 
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CIMMYT collaborative network of cooperative testing with wide spread 
international programmes. 
The regular additions and integration of new germplasm had completely 
changed the adaptive nature of triticales very fast. Hence later released 
cultivars were found in close competition with wheat and other cereals at many 
locations including Aligarh. Many others were generally adapted to rather 
broad regions and still others were ill adapted in most locations. However, 
improvement was significantly rapid and consistent. The percentage of the 
locations in which triticale cultivars ranked among top five yielding cultivars 
including wheat check consistently advanced from 11.3% (1969-70) to 13.8% 
(1970-71) and to 16.3%(1971-72). In case of triticale, where it outyield wheat 
ranged from 1% to 6% (Anonymous, 1972). 
With the introduction of Armadillo strains in the international trials 
during 1969-72 and two gene dwarf triticales in 1972-73 trials, further 
improvement was noticed in both yield as well as adaptation. The dwarf 
cultivars were particularly less affected by the lodging problem, which was 
frequently observed in earlier triticales (Zillinsky, 1974). Break through in this 
regard was observed during the 5* ITYN, where triticale outyielded the wheat 
check. A steady upward trend in adaptation had thus been observed since then 
(Anonymous, 1976b). 
Trials conducted at Toluca (2600m elevation) showed that triticales 
were more competitive with wheat than at Yaqui valley of Sonora (Mexico), 
35m elevation (Zillinsky, 1974). In Mexico, performance of 60 octaploids and 
hexaploids was studied by Martin and Maurer (1973). It was found that 
hexaploids showed comparatively better performance than octaploids and were 
also higher in yield than wheat. Similar type of studies were carried out by 
Dorofeev and Kurkiev (1975) and Pavlov et al. (1976). 
The International Triticale Yield Nurseries (ITYNs) conducted since 
1970, provided evidence of broadening its adaptation base to diverse 
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environment conditions. The transfer of insensitivity to day length from 
Mexican bread wheat to triticale has improved its adaptation within the regions 
of low latitude (30°N to 30°S). In higher latitude locations in Northern 
Hemisphere, such as, Sweden, Poland, Quebec province in Canada, triticale 
appeared to be less adapted than the best local wheat checks (Anonymous, 
1978). The practice of growing two crop cycles a year in Mexico under various 
agroclimatic conditions had significantly improved the adaptive nature of 
Mexican triticales. This change of environmental factors permitted the 
identification of some strains which were light insensitive, resistant to diseases 
and having high yield potential. Several triticale strains like "Mapache", 
"Beagle", "Rahum" and "Bacum" were placed under broadly adapted class. 
The results of the nurseries conducted during 1977-78 indicated that triticale 
showed greatest competitive advantage in atleast three regions of developing 
nations; the hill areas of India, Pakistan and also the Nepal, the East African 
highlands from Ethiopia to South Africa and the Southern cone countries of 
South America particularly the Brazil and in Columbia to the North 
(Anonymous, 1979b). 
Results from the international triticale trials showed an improving trend 
in the adaptations particularly in the acidic soils and cool high lands where 
triticale has 100% production advantage over wheat (Anonymous, 1980). In 
India, Gill and Sandha (1980) introduced new triticale cultivar "TL419" 
(Triticale Ludhiana 419) in Punjab and released it for commercial cultivation. It 
performed well under local conditions of Punjab. Later on, many cultivars were 
released in India from Punjab and Pantnagar, (Uttar Pradesh). 
In the eleventh ITYN (1979-80), Triticale cultivars Beaguelita 'S ' and 
Ram 'S' out yielded the wheat check Pavon '76' across many locations (Africa, 
America, Mexico, Poland, etc.). The higher dry matter production of triticales 
may push it to higher yield potential than what may be obtained in wheat. 
However, late maturity and preharvest sprouting were problems associated with 
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it, which delayed its acceptance in places where conditions at the harvest were 
moist. CIMMYT undertook these problems in collaboration with INIA 
scientists and improvement had been observed. With this, cultivation of 
triticale enhanced particularly in developing countries (Anonymous, 1981). 
May (1981) reported the performance of triticale cultivars in New South Wales 
since it started in 1974. The cultivars were tested on fertile soils with pH 5.8 
and on acidic soils with pH 4.3. On such soils, it showed more adaptation and 
production than wheat and barley due to difference in their Al tolerance. 
Triticale being known to adapt under adverse environmental conditions, 
showed remarkable performance under treated effluent too by outyielding the 
wheat (Aziz, 1991, 1994). Similar type of studies on five cultivars of triticale 
were carried out by Shah (1995) under sewage wastewater irrigation where 
triticale showed high adaptation in terms of growth and yield. More recently, 
Tarannum (1998) confirmed the superiority of triticales at Aligarh by 
conducting trials under different soil apphed potassium doses. 
One of the main objectives of the CIMMYT triticale programme was to 
produce triticales, which can be grown in areas of the world where wheat 
performed poorly like in acidic soils of Brazil. These triticales were intended 
for use as both feed grains as well as food for human consumption, hi the 16'" 
ITSN, complete and substituted triticales were tested for various quality' 
parameters like grain plumpness, test weight, alpha amylase activity and bread 
loaf volume. The substitute ones performed better due to contribution of 
D-genome. The absence of this chromosome in complete triticales was found to 
be responsible for the lack of gluten in their flour. However, some complete 
forms showed an improvement in dough strength and bread making quality, 
which was thought to be due to translocation of D-genome (A and/or B). This 
improvement had eventually contributed to their use in areas where they 
performed better than substituted ones (Anonymous, 1985). Aniol (1985) 
compared more than 300 cultivars and lines of triticale in Poland and found 
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50% triticales more resistant to aluminium than wheat check (BH-1146), 
considered one of the most resistant wheat under Brazilian subtropical 
conditions. In Oregon, Kolding and Metzger (1985) identified several 
promising niches for triticale. At high altitude (1200-13 00m) in intermountain 
region, winter survival of triticale ranged from 10-90% where as for two 
wheats "Luke" and "Nugaines" it was 40% and 10% respectively. Several 
winter triticale on sandy soils along the Columbia river, yielded as high as 
commercial wheats with higher disease resistance against yellow dwarf virus. 
However, at Willamette valley, triticale showed higher tolerance to disease, 
wet winter soils and Al toxicity. In the same year, Tuleen et al., published their 
five years studies on adaptative performance of triticale in Southern great 
plains (Oklahoma, Texas and New Mexico). In Oklahoma trials (1973-78), all 
triticales performed well, however, could not outyielded the wheat check 
"Scout 66", while in high plains of Texas triticale showed comparatively better 
adaptation but were inferior in grain yield than wheat check in trials conducted 
during the years 1969-78. At Dallas (1974-78) triticale cv. TX-27034-26 and 
Beagle outyielded "Sturdy" and "Central" wheat checks. Zillinsky (1985) 
classified triticale as per their adaptive nature in different parts of the world. 
Spring triticale were adapted to rainfed, sandy loam found in temperate 
highlands and in plains e.g. Hungary or in Humantla (Iberian Peninsula) or may 
be grown in semitropical highlands of Eastern Africa, Ethiopia, Nepal, 
Michoacan, Mexico, Colombia and in Brazil; winter and facultative types were 
widely adapted. Winter triticale were grown in Eastern and Central Europe, 
Central and North USA. Facultative spring types were grown in western parts 
of Europe and in some parts of Southern USA. Forage triticales were also 
commercially produced in many area of the world like South Africa, Argentina, 
Mexico, Southern, Central and South Western USA. 
Triticale research from its beginning to mid 80's was tremendous. A 
crop with tall and late maturing plants, susceptible to most wheat diseases and 
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with poor grains was transformed into a crop with enormous potential for 
cultivation in enviroimients that have not been traditionally favourable for 
wheat cultivation specially the poor and acidic soils, the tropical highlands and 
semi-arid regions. The temperate climates of many countries like Poland, 
Russia, France and Canada were identified where triticales were cultivated on 
large scale (Varughese et ai, 1986). Tolerance to mineral stresses under certain 
conditions toxic to common wheat varieties, triticale appeared as an alternative 
for such conditions too. Breeding triticales for nutritional efficiency and 
tolerance to mineral toxicities should be considered, as the crop appears to have 
meaningful genetic variability and is agronomically, economically and 
ecologically feasible. Camargo et al. (1988) compared the response of wheat, 
triticale and rye to Fe"^ "^ ^ concentrations between 0.056 and 40.0 mg 1'', they 
obseiA'ed reduction in the root length in all three crops with a combined 
tolerance to iron and aluminium toxicities in wheat and triticale and stressed 
that these resistant varieties should be considered as valuable source to 
breeders for tolerance. Besides showing tolerance to Al and Fe"^ "^ ,^ triticale also 
possess high tolerance for copper (Graham, 1978), manganese (Kaur and 
Takkar, 1987) and salinity (Francois et al., 1988). 
Yield data from the 16* ITYN for different agroclimatic regions (acid 
soils, irrigated subtropical dry lands, highlands, Mediterranean and winter 
regions) showed that the top five triticales out yielded bread wheat checks in all 
environments except in irrigated subtropics. In winter with spring planting, 
both triticale and wheat were inferior to local check. Triticale "Beagle" and 
"Eronga" known for their wider adaptation were ranked high in nurseries 
(Varughese, 1988). 
Data from the 18* ITYN (Abdalla et al, 1989) across 63 locations 
(African region, France, Germany, Poland, Spain, India, etc.) indicated the 
average grain yield of triticales ranged from 3784 to 5017 kg ha"^ The 
complete triticales showed again their superiority as in previous ITYNs reports 
16 
over substitute ones, local checks and bread wheat check, and were ranked 
among the top five high yielding triticales. In dry lands, winter regions, high 
production winter region, Mediterranean region and subcontinental region, the 
triticales yielded higher and/or equal to the overall location means, indicating 
their higher adaptations in those regions. At Ludhiana, Punjab (India) with 
30°56TSI latitude, 75°52'E longitude and 747m elevation above sea level, data 
recorded from yield tiials on 24 triticale cultivars showed superiority of many 
cultivars over local tiiticale check TL-1210. The average mean grain yield was 
recorded as 4465.7 kg ha'' with "JL090" at top, yielded 5589 kg ha' . The local 
check TL-1210 was ranked at 9"* position. 
Lapinski (1989) carried out studies on adaptation of triticale to Polish 
conditions. The coixelation studies conducted between different parameters 
revealed that earliness was equally an important adaptative character as winter 
hardiness and lodging resistance. It was found that grain weight/volume exists 
as an index for adaptive ability. Later, Lapinski et al. (1996) attempted for 
tetraploid triticale, which remained curiosity in Poland for some time. After 
crossing the tetraploid triticale with hexaploid ones, followed by back crossing 
with tetraploid ones, newer tetraploid triticales were obtained. When tested, 
these triticales proved good in yield potential than previous primary triticales, 
better in acidic soils with Al toxicity and also higher in disease resistance. 
However, the one important problem of sterility remained as such. 
Fox et al. (1990) examined the yield and adaptation of hexaploid spring 
triticale, using grain yield data from S"' to 14* International Triticale Yield 
Nurseries (ITYNs) and adaptational differences of complete and substituted 
triticale, a trend towards improving yield and adaptation may be observed. 
Grouping of genotypes as per their rank across the sites, showed a tendency for 
complete and substituted triticale to perform differently, suggesting that 
diversity for adaptation may be increased by utilizing both types in breeding 
programmes. 
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Besides showing higher adaptation in acidic and sandy soils of the 
temperate climates in traditional rye areas, triticale was further developed in 
humid and semi-arid tropical enviroimients. In humid subtropics with acid 
soils, triticale's potential relies on its broader disease resistance, high yield 
potential, tolerance to toxicities (Al, Mn, Fe) and its efficiency in phosphorus 
uptake. In semi-arid regions with drought and salinity stress, adaptation is 
related tolerance to boron toxicity and efficiency in utilizing water, Cu, Mn and 
Zn (Baier, 1991). Latter on yield trials with 18 to 23 triticale genotypes and 2 
wheat cultivars were performed to study their adaptation in Brazilian warmer 
regions. Results over five years (1989-93) from 7 locations confirmed the 
superior adaptation, yield potential and disease resistance of triticale at 
400-1000 m altitude and 30° and 29° S latitude on acidic soils with Al toxicity. 
However, at lower altitudes, triticale remained behind wheat, which was due to 
high temperature during tillering. Low night temperature was preferred for 
triticale to express its yield potential (Baier, 1996). 
Chromosomal confirmation and profound adaptation difference between 
substituted and complete tj^es were important factors affecting yield potential 
and adaptation of triticale. ITYN results and new varietal release suggested an 
adaptive advantage of complete triticale that carries the 6D (6A) substitution 
because it reduces height, better adaptation to marginal soils, higher test weight 
and more wheat like architecture. These adaptive differences associated with 
substitutions suggested that the exploitation of other D(A), D(B) and D(R) 
substitution and/or translocations by triticale breeders may be useful strategy to 
increase its yield potential and adaptation (Lukaszewski, 1991). 
Triticale as a novel cereal had increased its importance in the semi-arid 
cereal growing regions of the world. The newer released cultivars developed 
mainly by CIMMYT were devoid of many drawbacks of earlier cultivars (like 
shrivelled seeds and sterlity). Mergoum et al. (1992) analysed the adaptive 
ability of triticale in the Middle East-North Africa (Morocco). Triticale 
18 
outyielded all other cereals in all environmental conditions except the most 
favourable environments. With the application of N and P fertilizers, yield was 
enhanced even sometimes upto double by modest inputs. 
At Soa Paulo (Brazil), Felicio et al. (1993) evaluated 23 triticale 
cultivars and 2 wheat check for adaptation, yield and quality characteristics. 
The triticale "Nutria-400", "Tarasca-87", "Nutria-7272" and "IAC-1" showed 
higher regional adaptability. Resistance to leaf rust was also shown by some 
triticales. Triticale cultivars also proved superior to wheat check in baking and 
milling qualities with an 18% higher bread specific volume. Under 
Mediterranean condition, Josephides (1993) studied the adaptation of barley, 
triticale, durum wheat and bread wheat for five years under 23 different 
agroclimatic conditions. The regression analysis showed the susceptibility of 
barley to lodging and triticale dependence on late season precipitation. Durum 
wheat and triticale showed an average response to different yielding 
enviromnents and were significantly different from bread wheat and barley. 
The cultivation of triticale at the expense of durum wheat was not feasible as 
both have same grain yield but higher than barley (5%) and bread wheat (7%). 
Royo el al. (1993) studied seven complete and twelve substituted triticales to 
specific soil ty^ts with pH ranging fi-om 5.2 to 8.2 in a series of twenty trials 
(1989-90) across Spain at 14 locations (37°28'N 2°09'W - 43°22'N 8°24'W) at 
different altitudes ranging fi-om 26m to 800m above sea level. Soil pH was 
found single most important environmental factor to explain the adaptation of 
complete and substituted genotypes in majority of sites. Complete genotypes 
outyielded substituted ones in many sites particularly in soils with acidic pH. 
Triticale adaptation to acid and alkaline soils seemed to be largely controlled 
by the single wheat/rye chromosome 2D (2R) substitution, for which both types 
differ. Complete triticale in general were better adopted to acidic soils, whereas 
substituted t5q)es were more suited to alkaline soils with high fertility. 
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Results obtained from 2f' (1989-90) and 22"'' (1990-91) ITYNs clearly 
showed the wider adaptation of both the nurseries all over the world. Advanced 
triticale lines were distributed in 65 and 58 countries respectively by CIMMYT 
to observe their adaptation and yield potential. Complete triticales have shown 
higher adaptation and yield than the substituted ones (Pfeiffer et ai, 1993). 
As reported earlier, the potential of triticale to Fe^ *"^ , Cu and Al toxicity, 
it showed tolerance to Cd too. Yang et al. (1995) made a comperative study of 
cadmium tolerance in different crops (Triticale, Maize, Soybean, Cucumber). 
Triticale showed higher tolerance as compared to other crops. During the same 
year, Mekni and Yau (1995) published their six years (1978-83) preliminary 
assessment of yield potential and adaptation of triticale carried out in drier 
areas of West Asia and North Africa. The testing sites were grouped into four 
broad geographical regions of North Africa, Mediterranean West-Asia, 
Non-Mediterranean West Asia and the rest of the world. Grain yield of 
triticales over six seasons was constantly higher in the "rest of the world 
group". Stability analysis showed that triticale was less responsive to improved 
condition, though similar to barley in low yield environments. However, 
locations characterized by long vegetative period, high rain fall and high 
incidence of diseases, favoured triticale. 
Statistical analysis with grain yield data was used by Varughese et al. 
(1996a, b) to identify the adaptation of spring and winter, complete and 
substituted triticales. The complete triticale showed adaptative advantages in 
areas with abiotic and biotic stresses. However, under high production 
conditions, complete and substituted triticales showed little difference but were 
inferior to wheat. This caused shift in spring triticale at CIMMYT of complete 
to substituted from 25:75 in 1985 to 95:5 in 1992. According to them, the 
acceptance of triticale as a crop by farmers was mainly due to (i) superior 
performance of triticale under biotic and abiotic stress conditions (ii) high 
biomass production and high regeneration capacity after grazing and (iii) as a 
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nutritive feed for monogastrics, poultry and ruminants. With this acceptance, 
the triticale production increased from one million hectares in 1992 to 2.5 
million hectares. The most contributing countries were Europe (78%), North 
America (7%), Africa (6%) and Australia and New Zealand (4%). It is 
interesting to mention here, that for the first time, 500 hectares of land under 
titicale cultivation in India was also listed in the estimated world triticale 
production data. This may be considered as a positive sign, as the interest in 
Indian farmers may develop for the cultivation of triticale as a crop. 
During the same year, some promising triticale cultivars were released 
and their adaptation and yield potential was evaluated in different 
environmental regions. Coutinho et al. (1996) registered three new cultivars 
(Crato, AiTuda and Alter) for commercial cultivation in Portugal, which 
showed better adaptability, with improved test weight and grain yield potential. 
Gonzanlez-Iniguez and Pfeiffer (1996) introduced "Lamb-2" triticale cultivar 
for commercial production under low and moisture stress conditions in the 
central highlands of Mexico. When tested across 24 environmentally different 
locations, it outyielded the standard check by 35% and was found to show 
higher adaptation under drought conditions and increased moisture conditions. 
Under the Mediterranean regions of Europe, West Asia and North Africa, 
Yau-Sui and Miloud (1996) studied the performance of "Drira out-cross 7" as a 
check in durum wheat yield trials for six years (1987-92). It yielded highest, 
however, its performance in West Asia was not consistent with the poorest 
perfonnance under irrigation conditions in Egypt. 
Boggini el al. (1997) carried out trials with durum wheat, soft wheat, 
barley, oats and triticale at Sicily (Italy), where the cultivation of main winter 
crop (durum wheat) was found economically expensive. The data obtained 
from these trials showed that barley and soft wheat yielded higher than durum 
wheats. Triticale and oats, although showed better adaptation under Sicilian 
agroclimatic conditions but could not replace other crops due to lower yield. 
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During the same year, Bletsos et al. carried out series of six experiments at two 
different locations differing in soil and weather conditions, while working in 
Greece. They evaluated two cultivars each of triticale and barley for their hay 
and grain yield. Both the cultivars of triticale especially triticale cv. Niovi 
showed better adaptations (with mean temperature 0.2°C - 27.7°C and rainfall 
variation from 1 to 198.5mm). Ozkan et al. (1999) conducted stress tolerance 
study in hexaploid spring triticale under Mediterranean environment. During 
the trial, twenty genotypes were grown and evaluated for heat and drought 
tolerance under conditions of Adana (Turkey). 
On acidic soils, Al toxicity acts as a main limiting factor for plant 
perfonnance. Breeding of adapted genotypes presents an alternative to 
correlative lime application. Oettler et al. (2000) grew 20 triticale genotypes 
for 2 years on acidic, Al-toxic (pH 4.4) and lime amended soils with pH 
ranging from 5.0 to 6.3, in Brazil. Various traits assessed showed reduction 
with a higher reduction in grain yield (51%) due to acidic soils. Despite a 
substantial genotype x year interaction, the ranking of genotypes for acid soil 
tolerance did not change during the study. Genotypic variation was higher on 
acidic than on lime-amended soil. Higher adaptability of triticales to different 
biotic and abiotic stress conditions was confirmed by the new varietal release 
with considerable improvement in adaptation and yield potential due to 
broadening of genetic base, in the successive breeding programmes. In Canada, 
new cultivars were released by Salmon et al. (2000) and McLeod et al. (2001). 
(a) "Bobcat" showed higher adaptability in Canada particularly in the parkland 
area, with a good winter survival, resistance to stem and leaf rusts and to 
lodging, (b) The other cultivar "Ac Ultima" was also widely adapted in 
Canadian prairies. This new cultivar under field trials recorded high yields, 
excellent lodging resistance, early maturity and high 1,000 grain weight as 
compared to the check cultivars. 
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In Mexico, the new complete hexaploid triticales developed at 
CIMMYT showed a remarkable improvement in yield and adaptation, when 
compared to previously released cultivars. The "Moravilla-TCL-99", 
"Cerillo-TCL-99" and "Supremo TCL-2000" registered by Campuzano et al. 
(2001), Mergoum et al. (2001) and Sierra et al. (2001) respectively, showed 
high adaptation under all megaenvirormients (arid regions with high inputs 
under full and half irrigations, high rainfall regions and heat stress) in Obregon 
at 40m altitude and 27°5'N latitude and Toluca Mexico at 2640m altitude and 
18°N latitude. All the three new cultivars were superior in grain yield, resistant 
to winter hardness, new race of yellow rust, leaf rust, septoria, stem rust and 
moderately susceptible to harvest time sprouting and fusarium head blight 
disease. 
The performance of triticale in different countries under different soils 
and environments was also studied by some other workers also. Mention may 
be made of Ingold et al. (1968), Fossati et al. (1993) in Switzerland, Busch 
(1970), Bamett et al. (1971) in USA, Chauhan and Bajpai (1972) at Kumaon 
hills (India), lasztity (1989) under acidic and chalky soils at Nyirlugos and 
Obottyan, Sadiq (1990) in Pakistan, Bali et al. (1991) at Kashmir valley 
(India), BoUand (1992, 1994) in South West Australia under high and low acid 
soils, Sweeney et al. (1992) at Narrabri in New South Wales, Ellen (1993) in 
Netherlands; Ryan et al. (1991, 1995) in Morocco imder rainfed and arid 
conditions, Gogas et al. (1996) in Greece, Bruckner et al. (1998) in USA and 
Szmigiel (1998) under different directions (E-S and N-S). 
2.5 Yielding ability 
Yield potential of any crop is defined as, "The ultimate yield attainable 
in any geographic region when all controllable production factors are optimum 
and uncontrollable factors, mainly weather conditions are generally favourable 
(Stanford and Legg, 1984). Most of the earlier reports regarding yield 
performance of triticale indicated that it was not competitive with wheat except 
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in certain areas and environments. Therefore, there were number of reports 
where lower yield of triticale as compared to wheat have been reported. Ingold 
et al. (1968) studied the yield performance of 33 varieties of octaploid triticale 
with wheat and rye in Switzerland. The average grain yield of triticales was 
found only 78.3% than that of wheat and 79.1% to that of rye. Briggle (1969) 
tested several cultivars in Mexico and found an improvement in their yield 
potential, however, these triticales could not compete successfully with wheat. 
He also reported the results of CIMMYT, in which triticales were grown 
together with wheat and barley, which competed well with barley varieties but 
were inferior to Mexican semi dwarf wheat check. 
Yield of triticale with barley and oats at two places in North Dakota 
(USA) during 1967-69 was compared by Busch (1970). The average grain 
yield of all triticale cultivars was found to be 47.8% in 1967, 70.2% in 1968 
and 70.7% in 1969 showing a progressive improvement compared to barley 
and oats at Williston. However, at Fargo, the results were disappointing as 
triticales yielded 46.4%, 58.2% and 69.5% in consecutive years from 1967-70. 
Bamett et al. (1971) also compared the yield of triticale with wheat in Florida 
(USA). The triticale yielded 17% lower than wheat due to lower number of ears 
planf * (31%), although producing 20% more grains ear"' than wheat. 
At CIMMYT, Zillinsky and Borlaug (1971a) reported the poor yield of 
triticale in earlier trials. However, an improvement was found later with the 
introduction of Armadillo strains, but the yields were still not higher than that 
of wheat check. Gustafson et al. (1972) conducted field trials at 5 sites in 
California (USA) to compare the yield of several triticale cultivars with wheat 
and rye. It outyielded rye in all trials but remained behind the wheat in grain 
yield. 
The lower yield of triticale as compared to wheat was also reported by 
Bamett et al. (1973), Szigat and MuUer (1973), Jones and Hooks (1976), 
Andrascik and Licko (1977), Bhardwaj and Agarwal (1978), Inam (1978), 
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Abbas (1980), Abbas et al. (1983), Alvi (1984) and Malik (1988). The lower 
yield of triticale was associated with problems related with its yield 
contributing characteristics like poor fertility, shrivelled grains, less ears, lower 
1,000 grain weight and higher plant height, the last being also responsible for 
lodging. Plant breeders at CIMMYT and other places undertook these problems 
and very significant improvement has thus, been made by broadening the 
genetic base of this hybrid cereal which ultimately led to higher genetic yield 
potential. As a result of intensive crossing between wheat x rye, wheat x 
triticale and triticale x triticale, new advanced cultivars were released from time 
to time which were tested at various agroclimatic conditions around the world 
for their yield potential and adaptability. 
Triticale, which was regarded as low, yielding crop, had started to 
compete well with best of wheats. In certain geographic regions, it was found 
at par with wheat while in some other regions it completely outyielded the 
wheat and other cereals (Inam, 1992). In east Flevoland (Netherlands) field 
trials on three cultivars each of four winter cereals (wheat, rye, triticale, barley) 
were conducted by Ellen (1993), to study their yield performance. The triticale 
cultivars on an average yielded (8200 kg ha'*) higher than rye (6640 kg ha'') 
and barley (66220 kg ha'') but were found inferior to wheat (8740 kg ha''). 
However, triticale produced higher grains ear'' and grains m'^  than other three 
cereals. Similar trials were also conducted by Mazurek (1994) on four winter 
cereals. Triticale yield was found matching to other cereals on very good rye 
complex soil, and it exceeded wheat and barley in weak rye complex soils. 
It may be pointed out that besides the lower yield in earlier reports (60's 
and 70's), there were also reports of its matching or even higher yields during 
that period too. Mention may be made of Shebeski (1961) in Canada who 
reported higher yield of triticale than bread wheat, Sapra et a/. (1971) on sandy 
soils of kensas (USA), Chauhan and Bajpai (1972) at Kumaon hills, Pantnagar 
(India) on acidic soils. According to Hulse and Spurgeon (1974), the best 
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triticale cultivars outyielded the highest yielding wheat varieties in both 
summer and winter plantings in Mexico. Triticale yield was recorded as 
83.5q ha"^  as compared to wheat 72.45q ha"V This rapid increase in yield was 
due to the introduction of Armadillo strains. The two gene dwarf triticale 
strains appeared in 1972-73 during CIMMYT yield trials at Sonora. It was 
expected that these strains will equal or surpass in yield to the best wheats 
(Zillinsky, 1974). The yield gap between best wheat and triticale was further 
improved when triticale yielded 15% more than the wheat at CIMMYT (Wolff, 
1976). 
After surpassing wheat in the 5^^ ITYN, the successive ITYN trials more 
or less, continuously registered higher yield in triticales. As may be observed 
from the results of 11*** ITYN (1979-80) across all locations, showed higher 
grain yield of triticale cv. Beaguelita 'S ' and Ram 'S ' (45 and 46q ha'^  
respectively) as compared to wheat check "Pavon" (42 q ha''). Anonymous 
(1981). The higher yield potential of triticale was also reported among others 
by Martin and Maurer (1973), Jenkins (1974), Pavlov et al. (1976), Gustafson 
(1982), Moinuddin (1986), Dimitrov (1988), Reddy and Bahl (1989), Aziz 
(1991), Fatima (1993) and Tarannum (1998). 
The comparison of yield in the nursery trials at Yaqui valley of Sonora 
extending for 10 years (1969-78) has shown an upward trend in the yielding 
ability. Thus, the average grain yield of top strains showed an improvement 
from 2358 kg ha ' during 1'' trial (1968-69) to 8526 kg ha"' in lO"" trial 
(1977-78). Similar type of improvement was also found in ITYN's from 
1969-70 to 1976-77 (Zillinsky, 1985). He fiirther reported that the "Mapache" a 
single triticale cultivar included in the ISWYN (1977-78) among the 50 best 
wheats, yielded high (4212 kg ha"') than top wheat cultivar "Naczari" which 
produced 4020 kg ha"'. 
The introduction of complete triticales in the international trials during 
late 70's looked promising due to their higher yield potential than substituted 
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ones. Comparison of the data from 10* to 16*** ITYN showed an improvement 
from 4163 kg ha'* in 10* ITYN to 4266 kg ha"' in 16* ITYN, with 4055 kg ha* 
and 5478 kg ha'* in 16* and 18* ITSN's respectively. Whereas substituted 
triticales recorded 3919 kg ha* in 10* and 3788 kg ha* in 16* ITYN, with 
3658 kg ha'* and 5048 kg ha"* in 16* and 18* ITSNs respectively (Varughese, 
1988). It was further reported that the average grain yield of top five triticales 
in 16* ITYN was found higher than the bread wheat check. A comparison 
between ITYN and ISWYN for past 16 years indicated that bread wheat tend to 
yield about 8% below its potential when grown among triticales. 
Yield data of the 18* ITSN and ITYN (Abdalla et ai, 1989) with 175 or 
more cultivars indicated that the average grain yield over all locations was 
higher which revealed its improvement in yield potential when compared to 
early reports. In Belgium, during 1984-88, Baets and Haesaert (1989) 
conducted field trials on four cereals (wheat, triticale, barley, rye). It was found 
that rye yielded 13.7% more grains than wheat, barley 15.4% more and triticale 
32.2% more than wheat. In the field trials in Brazil under irrigated conditions, 
Staut et al. (1989) compared 17 cultivars of triticale with that of 3 wheat 
cultivars. The average grain yield of triticale exceeded to wheat. Sadiq (1990) 
at Faisalabad (Pakistan) compared the yield potential of advanced triticale 
cultivars with bread wheat, durum wheat and barley under irrigated conditions 
and reported that the triticale outyielded wheat and barley. During the same 
period in India, Moinuddin et al. (1990) and SamiuUah et al. (1991) at Aligarh 
in continuation of the earlier work on this crop further studied the yield 
performance of triticale, wheat and rye (Russian rye). All the triticale cultivars 
outyielded rye and two cultivars of triticale outyielded the wheat check. 
Higher yield of triticale than barley was also recorded by Ryan et al. (1992) 
in Morocco, while at Narrabri in New South Wales, Sweeney et al. (1992) reported 
that early and midseason types of triticale appeared to have reached yield parity with 
the adapted wheat cultivars and triticale at all sowings, yielded 19% more than 
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wheat. The new varietal release during the same year for commercial purpose 
showed the high genetic 5deld potential of triticale. Bruckner et al. (1992) 
released "Sunland" with an average grain yield of 3303 lb acre'\ Hewstone and 
Jobet (1992) released "Antuco INIA" with an average grain yield of 7.5t ha"^  
while "Pika" by Salmon et al. (1992) with an average grain yield of 4.15t ha'^  
and "Meridal" by Weilenmann et al. (1992) with 7.9t ha'. 
In CIMMYT spring triticales, significant increase in grain yield was 
recorded at Ciudad Obregon under irrigated and optimal conditions from 
2.5t ha"' in 1968 to 9.7t ha"' in 1991. Comparison of complete triticales 
developed in 80's and 90's over three years in maximum yield trials revealed 
overall yield progress which resulted an increase in harvest index (16%), 
spike m'^  (12%), with an increase in grain m'^  (17%), increased test weight 
(12%). However, in comparison with wheat, triticales exceeded in number of 
grains spike'' (40%), 1,000 grain weight (21%) but produced lower tillers 
reflected in spikes m" (- 40%) and number of grains m" (- 16%) (Varughese 
et al., 1996b). In Greece, Gogas et al. (1996) evaluated yield and quality 
characteristics of eleven triticale cultivars in comparison with widely cultivated 
wheat (Vergina) for a period of 16 years (1976-92) in 144 experiments under 
different enviroimiental conditions. It was noted that triticales proved superior 
over wheat checks and the superiority was ranging from 0 to 10%. 
Lauk et al. (1998) investigated four triticale cultivars "Modus", Dato", 
Presto" and "SV92280" in comparison with wheat "Sirvinta" and rye 
"Vambo". Depending upon the share of yield components, grain yield at all 
dates was highest in triticale cv. "Modus" (7273 - 8101kg ha'') than wheat 
(5279 - 6466kg ha"') and rye (2524 - 4551kg ha"'). Lower grain yield of wheat 
was supposed to be associated with lower number of grains ears'' while in rye, 
lower number of grains followed by lower 1,000 kernel weight. 
More recently, Rao et al. (2000) conducted field experiments from 
1993-96 on wheat, triticale and elytricum to study their yield and quality. 
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Triticale in seed yield surpassed wheat and elytricum in all experiments except 
in 1996, where triticale yielded comparatively lower as compared to wheat and 
el5^icum. Similarly, number of complete hexaploid triticales were released 
which outyielded wheat as well as triticale checks. In Canada, two new 
hexaploid complete triticales "Bobcat" and "Ac ultima" were registered by 
Salmon et al. (2000) and McLeod et al. (2001) respectively. At 13 locations 
tested, Bobcat yielded 7049kg ha"' which exceeded winter triticale checks 
"Pika" by 110% and wheat check "Norstar" by 113%, while Ac ultima in 29 
performance trials, yielded 5.3Mg ha"' and was found higher than triticale 
checks but equal to best wheat check "Pronghom" (5.19Mg ha"'), however, 
yielded 18% more than Canadian prairie spring wheat. 
The new triticale cultivars developed at CIMMYT also registered higher 
yield than triticale checks and wheat, under different megaenvironments 
(MEl - as high input environment with full irrigation, ME2 - high rainfall, 
ME4 - arid environment and ME5 - heat stressed environment). Thus, 
Campuzano et al. (2001) registered "Marvilla - TCL99" hexaploid triticale and 
released in Mexico during 1999. This cultivar with high yield potential when 
tested at Obregon during yield trials of 1993-97, yielded equal to triticale check 
under MEl and ME3 while in ME5, it showed lower yield. In Mexico trials 
(1998-99), it yielded 20 and 22% higher tiian "Jilotepc" and "Haumantia" 
respectively in ME-5 while 12 and 17% higher in ME2 and ME3 respectively 
than two checks and also surpassed wheat in all other environments. Similarly, 
"Cerrillo-TCL99" hexaploid triticale registered by Mergoum et al. (2001) out 
yield triticale check in all environments at Obregon trials (1994-98). However, 
in ME-5, it yielded lower than check. In Mexico state, it produced higher yields 
in ME4 and ME2 during 1998-99 trials. The otiier cultivar "Supremo 
TCL-2000" registered by Sierra et al. (2001) also outperformed tiie checks at 
both Obregon and Mexico tiials. 
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2.6 Mineral nutrition 
Since the beginning of the plant domestication, attempts have been made 
to increase the yield potential of the crop plants. Initially gradual improvement 
in this regard was attained by using organic manures and leguminous crops. 
However, it was not until the later part of 19*** century, when dramatic yield 
increase began to occur. It was based chiefly due to the increasing knowledge 
of the chemical elements required in plant nutrition and supplementation of soil 
with these nutrients in the form of chemical fertilizers. Credit goes to de 
Saussuse (1804) for his definitive discovery in this field supported by Liebig in 
1840. It was the beginning of new era in plant nutrition. 
Soil is a major source of essential nutrients and out of many nutrients 
found in plants, only 17 were listed as essential including Ni (Hopkins, 1999). 
More attention was paid, however, to N, P and K only as these were required 
comparatively in larger quantities and their regular application was found, 
therefore, necessary. Requirement for these three macro elements differ not 
only from one agroclimatic region to another but fi"om crop to crop and even 
variety to variety. 
Triticale, being not a popular commercial crop, received less attention 
regarding the fertilizer requirement in the beginning and also due to the 
problems associated with its poor yield, sterility, late maturity, plant height, 
lodging and grain shrivelling etc. Emphasis was given more to genetics and 
breeding studies mainly to overcome these problems. Due to this reason 
significant improvement was observed after the release of some new advanced 
cultivars with high genetic potential. However, this potential could be realised 
only when management factors were also kept at optimum. One of the most 
important among such factors involved was the application of fertilizers, which 
provided the source of required nutrients for exploitation of its optimum 
potential. 
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2.6.1 Nitrogen and phosphorus 
Nitrogen is required by the plants for their growth, development and 
productivity. Its concentration in the plants varies between 1-3% of dry weight 
(Salisbury and Ross, 1994). Application of nitrogen to the soil in the form of 
fertilizers increases the ion exchange capacity of the plant roots, thus makes 
them more efficient in uptake of the other nutrients (Tamhane et al., 1970). 
Due to the low availability, phosphorus appears as a limiting element in 
the natural ecosystem. 90% of the total phosphorus in the soil-plant-animal 
system, is present in soil, only 10% of it enters the plant-animal life cycle. The 
phosphorus present in soils occur in three forms, organic matter which accounts 
for 50%, insoluble phosphorus and small variable amount of soluble 
phosphorus that can be absorbed by the plant for completion of life cycle 
(Ozaime, 1980). Phosphorus being the second primary inorganic nutrient is also 
indispensable for all forms of life. It influences the vigour of plants and 
improves the quality of crops (Patnaik, 1987). It also increases the lateral roots, 
tiller and seed formation. Through its influences on the translocation of food to 
seeds, it affects the process of seedfiUing and thus has a profound bearing on 
the economic yield of many crops including the cereals. In triticale, it has been 
reported to increase straw and grain yield (Moinuddin, 1986; Baier, 1991; 
Fatima, 1993; Shah, 1995; Gmtametai, 1996). 
Not much work has been done on the phosphatic fertilization of triticale. 
Most of the workers reported about the application of uniform basal dose with 
varying nitrogen levels. The fertilizer trials conducted earlier showed that 
triticale did not respond to N-fertilization as effectively as to wheat due to 
greater susceptibility to lodging at higher fertilizer doses; Kiss (1968), 
Anonymous (1971), Zillinsky and Borlaug (1971b), Lafever and Schmidt 
(1972), Zillinsky and Lopez (1973), Mazurek and Mazurek (1974), 
Anonymous (1975). Thus, at Ludhiana (Punjab, India), field trial under T* 
ITYN (1969-70) was conducted by Anand (1972) on ten cultivars of triticale by 
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applying a uniform dose of fertilizers at the rate of 29.5kg P ha"' and 134kg N 
ha"'. Out often cultivars, four (Armadillo 147, -211, -1524 and Bronco 90) 
outyielded two wheat checks while rest remained inferior. Andrascik and 
Matusov (1973) at Nitra (formerly Czechoslovakia) recorded an optimum yield 
with 150kg P ha"' along with 100 or 80kg N ha"' in triticale and wheat. 
Marked improvement in response to high N levels was achieved later. 
Results of 1975-76 nitrogen trials at CIANO (Mexico) indicated that average 
grain yield of ten triticales was higher or equal than best bread and two durum 
wheats at all N-Ievels varying from 0 to 300kg ha"'. Sulphur coated urea, a 
slow releasing N-fertilizer showed no advantage over conventional fertilizers 
regarding the triticale yield (Anonymous, 1976a). 
Varietal differences regarding the fertilizer requirements have been 
observed by Afridi et al. (1977) at Aligarh (India), which was later extensively 
studied by Inam (1978), hiam et al. (1982a, b), Inam et al. (1985), Inam el al. 
(1992). He studied the effect of nine combinations of NPK on germination, leaf 
NPK content and yield components of three triticale cultivars Armadillo 
PPV-13, Armadillo T-15 and Badger PM-1I9 and wheat checks. It was found 
that fertilizer affected germination adversely in the field while nutrient contents 
increased significantly. N^oPeoK^o proved the optimum dose for most of the 
yield parameters. Similarly, response curves of the data on NPK trials were 
undertaken at CIMMYT (Mexico) on triticale, bread wheat and durum wheat 
using different combinations of fertilizers with nitrogen (0-300kg N ha"'), 
phosphorus (0-90kg ha"') and potassium (0-30kg ha"'). It was noted that 
semidwarf wheat gave the maximum yield at 225kg N ha"' where as durums 
and triticale at 150kg N ha"'. At higher rates of N, durums and triticale were 
found susceptible to lodging (Anonymous, 1979a). 
Such type of studies were also carried out by many workers who 
reported an increase in grain yield and other associated characters including 
quality with increasing doses of fertilizers involving N application along with 
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phosphorus Andrascik and Licko (1977), Misra (1977), Ali and Rajput (1978), 
Gajardo et al. (1978), Bishnoi and Mugwira (1980), Pino and Rodriguez 
(1980), Turbin et al. (1980), Ponce et al. (1981), Dimitrov et al. (1982), Ashfaq 
et al. (1984), Prasad and Singh (1983), Alvi (1984), Dimitrov (1985), 
Moinuddin et al. (1985), Ashfaq (1986), Moinuddin (1986), Tabl and Kiss 
(1986) and Samiuilah et al. (1987). While Bolland et al. (1986) and Holland 
(1992, 1994) carried out studies on effectiveness and requirement of phosphatic 
fertilizer on different crops including triticale in South Western Austraha under 
different soil and climatic conditions. On the basis of requirement for constant 
higher yields, the effectiveness of rock phosphates was found to be about 1/5 of 
superphosphates for barley and 1/10 for triticale and trifolium. In other five 
trials, the phosphorus requirement for various crops (oats, triticale, barley, 
lupins) was determined in comparison to wheat for the maximum yield 
production of 70 and 90%. It was found that on acidic soils, triticale required 
only 50-70% while 100% in less acidic soils, when compared to wheat. 
Whereas the requirement for oats was found 50-70% less than the wheat. In 
glasshouse experiments, effect of water supply on phosphatic fertilizer was 
studied. The water stress was found to reduce the yield and maximum target by 
20 to 40% and effectiveness of fertilizers by 20 to 60% due to reduction in 
yield potential. However, application of P fertilizers in subsoils with adequate 
water supply was found applicable in increasing the effectiveness of fertilizers 
and productivity of wheat and triticale. 
Furlan et al. (1987) carried out field trials to study the effect of different 
phosphorus doses (30, 60, 120 or 180kg ha"') on triticale. Results obtained 
showed that the application of 120kg P2O5 ha"' proved optimvmi. Plant height 
was found to respond better to 120kg P2O5 ha"' while it declined above to this 
dose. Maximum grain yield of 5t ha"' was obtained at 120kg P2O5 ha"' as 
compared to 3.38, 3.58, 3.41 and 4.83t ha"' with 0, 30, 60 and 180kg P2O5 ha"' 
respectively. 
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Ben (1989) evaluated triticale cv. BRJ along with many wheat lines, on 
acidic soils with Al toxicity, to study their phosphorus utilization efficiency 
under low (0kg) and high (80kg ha'^) phosphorus application. It was found that 
under both conditions, triticale yielded higher along with other genotypes and 
showed better response to the higher P-application. During the same year, 
Lasztity (1989) studied the grain mineral composition of three cereals (wheat, 
rye, triticale) in field trials at Nyirlugos with acidic soils and Orbottyan with 
chalky soils during 1981 under different doses of phosphorus and potassium 
(0, 500 or 1000kg ha"' each) in combination with 200kg N ha"' at Orbottyan. 
On acidic soil, the Mn, Zn, Cu and Sr contents increased in all three cereals 
whereas on chalky soil, the Mn and Sr contents of rye and triticale increased 
but with decrease in Zn and Cu contents in response to PK application while Se 
contents were unaffected by it. However, the value of grain for human and 
animal consumption was not affected by PK application. At Aligarh, 
Moinuddin (1989) studied the effect of different nitrogen (150, 200 and 
250kg ha'') and phosphorus (30, 40 and 50kg ha'') doses on four cultivars of 
triticale along with one check each of wheat and rye and it was found that leaf 
NPK were significantly increased by N+P regimes. Bali et al. (1991) while 
working on the production efficiency and economics of N-fertilization for two 
wheat and two triticale cultivars in Kashmir valley (India), applied different 
doses of nitrogen as 0, 40, 80 and 120kg ha''. The average grain yield was 
recorded for two wheat cultivars and two triticale cultivars as 2.50-5.15t ha' in 
wheat cv. Sonalika, 2.10-5.14t ha' in wheat cv. WL-1562 whereas 2.47-5.93t 
ha ' and 2.13-5.44t ha' in triticale cv. TL 1210 and DTS-963 respectively. 
With increasing N level upto 80kg ha'', the grain yield also increased, beyond it 
no significant increase was found. 
At Passo Fundo (Brazil), Rosa and Camargo (1991) conducted field 
trials on several wheats and one triticale at two levels of phosphorus (0 and 80 
kg P2O5 ha''). The grain yield increased with increasing phosphorus doses. The 
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grain yield of triticale in comparison to wheat was recorded higher under both 
control (2055kg ha-1) as well as at 80kg P2O5 ha"' (2930kg ha'). Application 
of higher dose of phosphorus (80kg ha'') was compensated only by triticale due 
to higher yield. 
Ryan et al. (1991, 1995) studied the performance of triticale and barley 
in Morocco under different weather conditions (normal and low rainfall and 
arid conditions) and nitrogen doses, which was applied as 0, 30, 60, 90, 120 or 
150kg N ha'\ At all sites, 60kg N ha'' proved optimum and application beyond 
it, did not significantly enhanced the grain yield. In other trial, under semiarid 
zone, four cereals (barley, durum wheat, bread wheat, triticale) were evaluated 
under different phosphorus doses (0, 10, 20 or 40kg P2O5 ha'') on phosphorus 
deficient soils. Biomass and grain yield increased with increasing rates of 
applied phosphorus, however, yield of durum wheat was recorded low due to 
disease damage. 
In the Mugamba region of Burundi, Baragengana et al. (1992) 
conducted several trials during 1989-90 to study the effect of phosphorus and 
other nutrients (N, Cu, P, Mg) on triticale and wheat. Application of 
phosphorus increased grain yield from 43-58% in wheat and 19-26% in 
triticale. However, decline in yield was recorded at several sites, which was 
believed due to antagonistic effect of Cu uptake. 
Naylor and Stephen (1993) performed some field experiments in 
Scotland between 1985-87, to examine the effect of different levels of nitrogen 
(0-180kg ha') and plant growth regulator on mean grain weight and 
N-contents of triticale. Data obtained showed decrease in the mean grain 
weight with increasing grain yield due to N-fertilizer or chlormequate. A 
reduction in the N-contents was also observed with increasing grain size, 
however, nitrogen recovery (g m') generally increased with increasing dose of 
nitrogen. Nitrogen fertilizer increased the grain yield with a reduction at 
excessive levels. Mean grain weight was increased upto 90kg N ha'', above 
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which it showed decline. With increasing N-levels from 0-180kg ha'', the 
amino acids responded differently. Decrease in proportion of alanine and 
glycine was observed with increase in histidine and phenyl alanine. Other 
ammo acids showed a curvilinear response. 
Stefanescu (1994) conducted field trials during 1983-1993 to study the 
effect of nitrogen and phosphorus on wheat and fcriticale at Turda (Romania). 
Winter wheat grown after soybean was given 0-120kg N ha'^  and after maize 
0-160kg N ha'' and after both proceeding crops 0-160kg P2O5 ha''. Wheat 
grain yields ranged from 3.30 and 2.08t ha'' with no NP to 5.0It ha'' with 90kg 
N after soybean and 5.04t ha ' with 120kg N ha'' after maize. In fiirther trials 
with winter wheat and triticale, maximum grain yield was achieved with 120kg 
N + 80kg P2O5 ha''. Grain protein content of 5 wheats and triticales increased 
with increasing NP rates. 
Jelic et al. (1995), while working on two triticales cv. "Zlatar" and 
"Sako" (Yugoslavia) during 1990-93, found the maximum response of both 
cultivars at 700 seed rate/square meter and at 120kg N ha''. Fertilizers alone 
can not show the marked effect, unless supplied with other factors like 
irrigation. The effect of such combination was studied by Koszanski et al. 
(1995) on wheat and triticale on a good rye soil complex. Both sprinkling 
irrigation and nitrogen application (100-125kg ha'') were found productive and 
enhanced the grain yield by 40% and 104% in wheat while 15% and 131% in 
triticale respectively. 
Twenty three hexaploid triticale x Triticum aestivum derivatives were 
grown in normal (60kg P2O5 ha'') and phosphorus stress (0kg ha'') conditions 
to study the effect of phosphorus and response of the crop. Sixteen 
agro-morphological and physiological characters were recorded. Grain yield 
planf' followed tillers planf', spikes planf', early growth vigour and leaf area 
index were found most sensitive to P-stress conditions. It also delayed the 
heading and maturity of the crop. The overall characters associated and path 
36 
coefficient analysis revealed that relation for higher 1,000 grain weight and spikelets 
plant"' in both conditions and for relatively taller plants under P deficiency could be 
useful for improvement in grain yield (Gautam et al., 1996 and Gautam and Sethi, 
1996). During the same year Gil et al. (1996) and Jodko et al. (1996) reported that 
application of 150kg N ha"', lignite coal and manure under previous crop, improved 
various quality characteristics of winter triticale cv. Bolero in Poland while Kisiel 
(1996) worked out 151.69kg N ha"' as an optimum level on profit function basis and 
143.62kg N ha"' on the basis of functional analysis of cost per piece. Similarly, 
Oettler (1996) evaluated 36 triticales in breeding programme for carrying out study 
on N-use efficiency under N-stress and N-sufficient conditions. 
hi Poland, Koziara (1997) in field trials (1993-95) studied the effect of 
different nitrogen levels 0-150kg ha"' on triticale cv. Coba under sprinkler 
irrigation. The highest grain yield (4.9It ha"') was recorded at 150kg N ha"' under 
irrigated conditions, which also proved best for protein yield regardless of irrigation. 
Bruckner et al. (1998) cairied out field trials under varied nitrogen treatments 30, 
60, 90, 120 or 1501b N acre"' (33.63, 67.26,100.89, 134.52 or 168.15kg N ha"'). 
Grain yield was found maximum with 90 and 1201b N acre"' (100.89 and 134.52kg 
N ha"'), depending upon the environment and cultivar. Yield components mainly 
tiller density and quality of amino acids increased linearly with nitrogen indicating 
potential for enhancing nutritive value. Despite N induced increase in amino acids 
particularly lysine content and relative nutritional value of triticale for feed, 
marginal return per acre was maximized at N levels and it was associated witli 
maximum grain yield. 
Pisulewska et al. (1998) studied the effect of three levels of nitrogen 0, 60 or 
120 kg ha"' on mineral contents P, K, Ca and Mg of four triticale cultivars and one 
wheat at prusy experimental station (Krakow Agr. University). The P and K 
contents were high in triticale than wheat. Nitrogen fertilization enhanced the K 
contents of the grain particularly at 120kg N ha"'. Szmigiel (1998) carried 
out field trials on three cereals (wheat, barley, triticale) grown in 
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N-S or E-S directions under low fertilization N40P40K50 kg ha'^  as well as high 
N40P80K100 kg ha' application. The higher doses proved beneficial in most of the 
yield and quahty characteristics including grain number, spikes m"^ , protein content 
and leaf area index. The orientation of Ihe rows played significant role in enhancing 
protein content particularly in N-S direction. 
Klikocka (1999) stiidied the effect of different N rates (60, 90 or 120kg ha') 
and soil tillage on yield and structure of spring triticale. It was reported that the 
highest yield was given by 60kg N ha"' while higher doses proved non-beneficial. 
During the same period, Mazurek and Jaskiewicz (1999) in pot experiment on 6 
cultivars of winter triticale distinguished two groups, with two cultivars having high 
nitrogen dose utilization efficiency while other four cultivars with medium nitrogen 
utilization efficiency. In triticale nitrogen rate trials at Corvalhs (Oregon), two 
triticale cultivars Alzo and Bogo were grown under three nitrogen doses 100, 150 or 
200 lb acre'' (112.09, 168.15 or 224.19kg ha"'). It was found that both protein 
content and grain yield increased as N rate increased upto higher dose 200 lb acre"' 
(224.19kg ha"'). It was suggested that fiirther increase in dose of nitrogen may 
increase both traits further (Anonymous, 2000). 
2.6.2 Split nitrogen application 
Fertilizers are mostiy and traditionally applied in full recommended dose to 
the crop plants at the time of sowing. However, plants are unable to utilize entire 
amount of single apphcation of fertilizers, as the large percentage of it does not 
remain available due to various reasons. This loss of costly fertilizers leads to the 
deficiency of inorganic nutrients in the soil, which ultimately results in low 
productivity. All the essential nutrient elements are required upto a certain level by 
each crop to achieve maximimi productivity. Nitrogen, being the principal inorganic 
essential macronutrient, is required in higher quantity during the whole 
period of growth as compared to phosphorus and potassium. Among all 
three major nutrients, nitrogen fertilizers are highly soluble and are readily 
leached, volatilized (as ammonia), denitrified as NOf or immobilized in 
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organic forms, which are not easily available to the plants (Pratt, 1984 and 
Randall, 1984). Nearly 50% of the total nitrogen applied to the soil remained 
unutilised by the crop plants due to this wastage (Anonymous, 1971). 
To safeguard against the loss of fertilizers (particularly nitrogen), 
different methods of its application have been suggested from time to time. 
One such method involves the basal application of nitrogenous fertilizers at the 
time of sowing and partly in split dose (top dressing) at different growth stages 
(mostly at tillering, preanthesis and/or even at postanthesis) although there 
were number of reports about the foliar application also. The beneficial role of 
such late N application in cereals has been reported by Hucklesby et al. (1971), 
Ellen and Spiertz (1980), Grant et al. (1985), Strong (1986), Flower and 
Brydon (1989), Janzen et al. (1990), Cassman et al. (1992), Peltonen (1993), 
Buhnan and Smith (1994), Buhnan et al. (1994), Sowers et al. (1994a, b), 
Abdin and Abrol (1997) and Destain et al. (1997). All of them reported an 
increase in grain yield and protein content either at individual level or together 
by split N application. However, late N application in split doses in dry areas 
was found less effective as compared to irrigated areas (Doyle and Shapland, 
1991). 
As far as hiticale was concerned, most of the workers have applied nitrogen 
in full dose at the time of sowing by broadcast method to establish its nutritional 
status, although attention was also given to spht N-apphcation. Mention may be 
made of some earlier reports regarding the split application of fertilizers in triticale 
includes Anonymous (1976), Ali and Rajput (1978), Dhiman (1978), Bishnoi and 
Igbokwe (1979) Gajardo et al. (1981) and Singh et al. (1982). 
Ashfaq (1986) at Ahgarh conducted fertilizer trials on two triticales. hi her 
first trial during 1981-82, nitrogen was apphed either fully at sowing (100, 150 or 
200kg N ha'') or in two instalments, partly at sowing and partly as top 
dressing at 70 DAS (BNIOOTNSO, BNIOOTNIOO, BNISOTNSO)- The phosphorus was 
applied as 13kg ha' and 26kg ha"' at the time of sowing. All growth and yield 
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characteristics were significantly affected by split N applications with higher 
phosphorus dose when compared to single N application. Maximum effect was 
given by BNisoPaeTNso (200kg N ha* + 26kg P2O5 ha"'), hi the following year 
the efficiency as well as economy of the supplemental foliar spray of nitrogen 
vis-a-vis top dressing was evaluated in split plot design field trial. Nitrogen 
(20kg N ha"') was sprayed in one or two equal instalments at various growth 
stages (70, 90 and/or 120DAS), in such a way that spray treatment received a 
total of 120kg N ha"' where as control received 150kg N ha"'. Spray treatments 
proved beneficial for increasing the ear weight, ear length and grain yield. 
However, the ear number, spikelets, grain number and 1,000 grain weight were 
recorded maximum in top-dressing treatment at 70 DAS. Fatima (1993) from 
the same location, conducted factorial randomized field experiments on four 
cultivars of triticale (Delfin, Driera, TL419 and Tigre's') and wheat (HD2204) 
to study the effect of nitrogen and phosphorus. Nitrogen was applied as 100kg 
ha"' before sowing and 50kg N ha"' after sowing as top-dressing at tillering 
stage with two levels of phosphorus (45 and 60kg ha"') at the time of sowing. 
Split application gave the maximum values for most of the growth, yield and 
quality parameters. In another experiment on baking, improvement in the 
quality of triticale flour was observed and acceptable for bread making when 
mixed with wheat flour in 50:50 ratio. 
Later, Honermeier et al. (1989) studied the effect of nitrogen (early and 
late) application on ear formation of winter triticale cv. Grado. Spike samples 
were taken from N-fertiUzed trials and observed a linear relationship between 
spike length, number of grains spike"', number of florets spike"' and spikelets to 
the size of first N-application. With excessive early N-application, the full 
storage of potential of ears (1,000 grain weight) was often not reached due to 
lodging, fungal infection and compensation between yield components. 
Petr and Hradecka (1993) tested four cultivars of triticale cv. Dagro, 
Largo, Lasko and Korm in comparison to wheat (Regina) and rye (Breno) at 
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Czek Republic under different N-doses. Nitrogen was given 90 or 120kg ha'' in 
split application along with growth regulators chlormequate, paclobutrazol or 
both at 3 litres ha'' in autumn or spring. N-application particularly with 3 split 
applications each of 30kg ha'', increased dry matter production m'^  and grain 
production (3.5-5.7t ha"') in 1987-89. High leaf area duration (LAD) values 
from heading to grain ripeness was found important for high grain yields. Late 
N-application alongwith application of growth regulators was found useful for 
the achievement of high leaf area duration. 
Application of nitrogen in split doses on four cereals (wheat, rye, barley 
and triticale) was also studied by Ellen (1993) and Fossati et al. (1993) on 
various triticale lines. They reported an increase in yield as well as in protein 
content and nitrogen related characters. Korona et al. (1994) under field trials 
at Popielno (Poland) during the years 1987-89, studied the effectiveness of 
N-fertilization on spring triticale cv. Jago. Nitrogen fertilizer as urea was given 
as zero or combination of 30 or 60kg ha'' before sowing, 30kg at stem 
elongation and 20kg ha'' as urea (through foliage) or 30kg ha"' as ammonium 
nitrate (through soil) at heading. Grain yield was recorded upto 5.36t ha"' 
without N, 5.85t ha'' with 30kg N before sowing, 6.36-6.41t ha"' with 60kg N 
in 1 or 2 application, 6.72-6.96t ha"' with 3N applications and 7.0t ha"' with 60 
+ 30kg N ha"'. AppUcation of nitrogen just after heading did not increase yield. 
N use efficiency was highest with 60 + 30kg N ha"'. Applying more than 90kg 
N ha"' was found agronomically and energetically ineffective. During the same 
year, Wrobel and Budzynski conducted field trials on two cultivars of triticale 
to study the effect of nitrogen (0-120kg N ha"') while applying in split doses. It 
was given 0 or 60kg N ha"' before sowing and 0, 30 or 60kg N ha"' at feekes 
stages. Grain yield of cv. "Jago" increased from 5.15t ha"' with no applied 
nitrogen to 6.45t ha"' with 60kg N before sowing and 60kg N ha"' after sowing. 
Whereas in cv. "Maja", it ranged from 5.7t ha"' with no nitrogen to 6.52t ha"' 
with 120kg N in 3 splits applications. Grain protein content and yield were 
highest with 60 + 0 + 60kg N ha'. Lysine and isoleucine content and essential 
amino acids index decreased with increasing N rates but decrease was 
significant only at higher rates. However, lodging increased with increasing 
N-doses and was severe with 60 + 60 + 0 or 60 + 30 + 30kg N ha"'. 
The pot trial experiment with split N-application on triticale cv. "Maja" 
kept at 25, 50 and 70% of maximum water capacity was studied by Koc (1996). 
Nitrogen was given 0-2g N pot"' (6kg soil) in split application before sowing 
and at tillering. The grain and straw yield increased only shghtly in the absence 
of nitrogen fertilizer, with increasing soil moisture in the range of 5.1-5.8 and 
7.6-9. Ig pot"' respectively. With N, grain yield increased from 5.9-7.8, 
19.0-23.0 and 20.9-29.6g pof' at 3 moisture levels. The higher grain yield was 
associated with increase in spike length and number of grains spike"'. However, 
N-use efficiency decreased with increasing N-rates. Wrobel (1997) conducted 
field trials on triticale cv. "Maja" in Poland to study the yield and quality 
characteristics under different N-levels. Nitrogen fertilizer was applied as 0, 
60, 90 or 120 kg ha"' as ammonium nitrate with 60kg ha"' at the time of sowing 
and rest at Zadok's stage (33 and/or 55) or 30 + 20 + 20 + 20kg ha"' as urea at 
stages 23, 33, 50 or 75 respectively. Nitrogen rate did not significantly affect 
yield components, however, 1,000 grain weight increased and it was highest 
when part of nitrogen was applied at stage 50. Grain yield increased from 5.15t 
ha"' to 6.32t ha"' with 60kg N ha"'. Higher rates gave no further increase. The 
grain yield and protein increased upto 120kg N ha"' and the essential amino 
acid index was highest at 90kg N ha"'. Kozdoj et al. (1997) in trials spread over 
four years, studied the effect of nitrogen fertilization on winter triticale 
cv. Presto. It was applied to the field as 90 or 150 kg ha"' in a single application 
on in split application with 60% before sowing and 40% at stage 30 or 39. 
Average grain yields were recorded as 5.71 and 6.37t ha"' at low and high 
N-rates respectively. Delayed N-application reduced average grain yield from 
6.35 to 5.73t ha"' due to reduction in spikes m"^  and grains spike"'. 
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Juchniewicz et al. (1998) carried out field trials in Poland during 
1993-95 on spring triticale cv. "Maja". Nitrogen was given 0, 20, 40 or 60kg 
ha"' before sowing and 0, 20, 40 or 40 + 20kg ha'^  after sowing alongwith basal 
application of P, K, Mg (30 + 45 + 15kg ha"^ ) or 60 + 90 + 30kg ha ' 
respectively. Results obtained indicated that with increasing N doses grain 
yield increased and reduced production costs per ton. The highest profitability 
was obtain at 100kg N ha'' whereas, 120kg N ha"' slightly reduced the 
profitability coefficient. In other trial at the same location and with the same 
cultivar, Kisiel et al. (1998) applied nitrogen in split treatments as 30, 60 or 
90kg ha"' before sowing and 0, 30 or 60kg ha'' after sowing. The highest 
profitability was obtained with sowing at 300 seeds m' and at 120kg ha" in 
which 60kg ha"' was applied at stem elongation. 
Ewert and Honermeier (1999) studied the spike initiation in response to 
two levels of nitrogen fertilizer (0 and 200kg ha"'). The 200kg N ha"' was 
applied in split doses (5 x 40kg ha"') on winter triticale cv. Grado and winter 
wheat cv. Taras at Rostock (Germany) over four years. It was found that 
number of spikelets of both main stem and tillers significantly increased with 
N-application at spikelet iniation and anthesis in wheat but did not affect 
triticale at spikelet iniation, however, the spikelet increased (2.4 spikelets ear"') 
at anthesis which might have occuiTed due to continuous initiation of spikelets 
in high N treatments and abortion in N stress conditions. Main stem initiated 
more spikelets than tillers but did not respond to different N application. The 
marked affect of N fertilizer was observed in triticale whereas wheat varied 
less. It was concluded that spikelets initiation in triticale was better adapted to 
lower N condition than wheat. 
From the out going review it may be pointed out that there is always a 
scope for the improvement of any crop if subjected to intense study, as may be 
observed in case of triticale, going through the adaptation process under varied 
and adverse agroclimatic conditions and proving its potential in yield and 
quality as well. 
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CHAPTER-3 
MATERIALS AND METHODS 
Four field experiments reported and discussed in the present thesis were 
conducted during "rabi" (winter) season of the years 1998-2001 at the 
agricultural field of Institute of Agricultural Sciences, Aligarh Muslim 
University, Aligarh. The aim of these experiments was to study the 
adaptational behaviour with regard to germinability, disease resistance, 
lodging, heading, maturity, growth, yield and quality characteristics of newly 
released 200 Mexican triticale cultivars (Table 2) in comparison to wheat 
check, under agro-climatic conditions of Aligarh, keeping in mind the potential 
of the crop for commercial cultivation. The effect of mineral nutrients 
particularly the nitrogen (basal and split application) and phosphorus was also 
observed on growth, yield and quality characteristics of some of the selected 
triticales and wheat (HD-2204) locally grown popular cultivar as check. The 
details of materials used and methods adopted during the course of present 
study are presented in this chapter. 
3.1 Agroclimatic conditions 
Aligarh has an area of 5,024 sq. kms, situated at 27°52'N latitude, 
78°5rE longitude and 187.45m altitude above sea level, and 135km away from 
New Delhi. It has semi-arid and subtropical climate with hot dry summers and 
cold winters, the characteristic climate of Western Uttar Pradesh (India). The 
winter season begins from middle of October and remains till the end of March, 
with December and January being the coldest months. The mean temperature 
for December and January ranges between 13°C-15°C with an extreme 
minimum of 1°C-2°C (Fig. I). Fog occur during months of December and 
January but not intense and damaging to the crop. The summer season extends 
from April to the end of June. In this season, a gradual increase in temperature 
occurs, which attains its peak in June upto 48°C. The average annual rainfall 
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remains about 847.3mm. More than 85% of the total downpour occur during 
four months from June to September (rainy season) and some 10-15% in 
winter, which is useful for "rabi" crops. The average rainfall and humidity 
which occur during November to April (Experimental period) is given in Fig. 
2. The meteorological information was collected from the Meteorological 
Observatory, Department of Physics, Aligarh Muslim University, Aligarh. 
3.2 Soil characteristics 
Before the start of each experiment, soil samples from various places 
were collected randomly from the experimental field at a depth of 15cm. These 
composite samples, after proper mixing, were analysed for some of the 
important physio-chemical characteristics of soil. Data obtained for each 
experimental year is presented in table 1. 
3.3 Cultivars of triticale 
Authentic seeds of newly released two hundred Mexican triticale 
cultivars were obtained from the CIMMYT Mexico. The cultivars with entry 
number (En), pedigree and origin were given in the table 2. The wheat check 
HD-2204 was procured from local seed store of Government Agricultural 
Farm, Aligarh (U.P., India). 
3.4 Field preparation 
Before starting each experiment, the field was thoroughly ploughed 
mechanically to ensure maximum soil aeration and complete removal of weeds. 
Standard agricultural practices recommended for wheat were employed for 
preparing a well levelled and weed free field with required number of 
experimental treatment plots. A light irrigation was given prior to each sowing 
to ensme proper moisture for optimum germination. Plots of the required size 
were prepared, with each plot having an entry space for irrigation from main 
water channel. The detail of all the four experiments is given in the following 
pages. 
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Table 2. List of 200 Mexican tr i t icale cult ivars with their entry 
number (En), pedigree and origin 
Entiy 
number 
(En) 
Pedigree Origin 
1 150.83/2*FAHAD_5 TS_C30SN 
SWTB90.215-6Y-4B-0Y-0M-1Y-0M-2Y-0B 100001 
2 150.83/2*FAHAD_5 TS_C30SN 
SWTB90.215-6Y-4B-0Y-0M-2Y-0M-1Y-OB 100002 
3 150.83/2*FAHAD_5 TS_C30SN 
SWTB90.215-6Y-4B-0Y-0M-2Y-0M-3Y-0B 100003 
4 150.83/2*FAHAD_5 TS_C30SN 
SWTB90.215-6Y-4B-0Y-0M-1Y-OM-1 Y-OB 100004 
5 150.83/2*FAHAD_5 TS_C30SN 
SWTB90.2] 5-6Y-4B-0Y-0M-1Y-0M-4Y-0B 100005 
6 150.83/2*FAHAD_5 TS_C30SN 
SWTB90.215-6Y-4B-0Y-0M-2Y-0M-2Y-0B 100006 
7 I50.83/3/ZEBRA31/CIVET//URON_5/4/lVrUSMON_l TS_C30SN 
SWTB90.2] 2-5 Y-1B-0Y-0M-2Y-0M-3 Y-OB 100007 
8 I50.83/3/ZEBRA31/CIVET//URON_5/4/MUSMON_l TS_C30SN 
SWTB90.212-5Y-1B-0Y-0M-2Y-0M-1Y-0B 100008 
9 150.83/FAHAD_5//VICUNA_4 TS_C30SN 
S WTY91.146-9B-0 Y-1M-1Y-OM-2 Y-OB 100010 
10 274/320//BGL/3/CIVET/4/BUF_2/5/MUSMON 1-1/ TS_C30SN 
CTSS92Y769-B-1 Y-OM-1 Y-OB 100013 
11 274/320//BGL/3/MUSX/LYNX/4/RHINO_9/5AV.TCL TS_C30SN 
CTSS92Y8-12Y-0M-2Y-0B 100015 
12 4411.6/3/MUSX/LYNX//STIER_12-3/4/FAHAD_5 TS_C30SN 
SWTY91.201-3B-0Y-1M-1 Y-OM-1 Y-OB 100016 
13 4411.6/3/MUSX/LYNX//STffiR_12-3/4/FAHAD_5 TS_C30SN 
SWTY91.201 -3B-0Y-1M-1Y-OM-3 Y-OB 100017 
14 44n.6/MUSMONj//FAHAD_8-2 TS_C30SN 
SWTB90.225-16Y-5B-0Y-0M-4Y-0M-1 Y-OB 100018 
15 441I.6/MUSMON_]//FAHAD_8-2 TS_C30SN 
S WTB90.225-16Y-5B-0Y-0M-4 Y-OM-3 Y-OB 100019 
16 6TB219/3/6TA876//6TB163/6TB164/4/2*NIMlR_4 TS_C30SN 
SWTB90.236-4Y-2B-0Y-0M-2Y-0M-1 Y-OB 100020 
17 754.3/lBEXy/BUF_2 TS_C30SN 
SWTY87.218-1B-4Y-2B-7RES-0B-2Y-0PAP-4Y-0B 100021 
18 804/BAT//2*VICUNA_l TS_C30SN 
CTY91.801-3M-0Y-3M-2Y-0M-1Y-0B 100022 
19 804/BAT//FAHAD_9/3AVIR46058/GNU_1//ERIZO_ TS_C30SN 
CTSS92Y773-B-1 Y-OM-3 Y-OB 100023 
Cent 
Entry 
number 
(En) 
Pedigree Origin 
20 ALPACA_l/3/ZEBRA 31/CIVET//UR0N_5 
CTY9], 112-18Y-0M-3Y-0M-1Y-OB 
21 ALPACA_] /3/ZEBRA 31 /CIVET//UR0N_5 
CTY91.112-18 Y-0M-2Y-0M-4 Y-OB 
22 ALPACA_l/3/ZEBRA 31/CIVET//UR0N_5 
CTY91.112-18 Y-OM-2 Y-OM-3 Y-OB 
23 ALPACA_l/3/ZEBRA 31/CIVET//UR0N_5 
CT Y91.112-17Y-0M-2 Y-OM-2 Y-OB 
24 ALPACA_l/3/ZEBRA31/CIVET//URON_5 
CTY91.112-18 Y-0M-2Y-0M-2Y-0B 
25 ALPACA_l/3/ZEBRA 31/CIVET//UR0N_5 
CTY91.112-18 Y-OM-3 Y-0M-2Y-0B 
26 AN0AS_1/PUKKI 
CTY91.42-5 Y-OM-1Y-OM-1 Y-OB 
27 AN0AS_1/SUSI_2-1 
CTY91.38-5Y-0M-2Y-0M-1Y-0B 
28 ANOAS_3/TATU_4 
CTM86.123-12MI-3MI-3BI-2Y-0PAP-1Y-0B 
29 ANOAS_3/TATU_4//VARSA_3-l 
CTSS92Y25-3Y-0M-2Y-0B 
30 ANOAS_5/STIER_13 
CTB89.1174-20M-0Y-0M-2Y-0M-1B-0Y 
31 ANOAS_5/STIER_13 
CTB89.1174-20M-0Y-0M-2Y-0M-2B-0Y 
32 ANOAS_5/STIER_13 
CTB89.1174-20M-0 Y-OM-1 Y-OM-1B-OY 
33 AR/SNP6//TARASCA 87_2/C,S10/3/PORSAS 
CTY91.438-1Y-0M-1Y-0M-2Y-0B 
34 AR/SNP6//TARASCA 87_2/C,S 10/3/PORSAS 
CTY91.438-1 Y-OM-1 Y-OM-3 Y-OB 
35 AR/SNP6//TARASCA87_3/C,S10/3/DAMAN_9 
CTY91.416-1 OY-OM-1 Y-OM-1 Y-OB 
36 AR/SNP6//TARASCA 87_3/C,S 10/3/DAMAN_9 
CTY91.416-10Y-0M-2Y-0M-2Y-0B 
37 AR/SNP6//TARASCA 87_3/C,S10/3/MANATI_l/4AV 
CTB90.2398-4Y-1M-0Y-0M-1Y-0M-1Y-0B 
3 8 AR/SNP6//TARASCA 87_3/C,S 10/3/SIKA 26/HARE 
CT Y91.420-16 Y-OM-1 Y-OM-1 Y-OB 
39 AR/SNP6//TARASCA 87_3/C,S 10/3/SIKA 26/HARE 
CTY91.420-16 Y-OM-1 Y-OM-2 Y-OB 
40 ARDI/RHIN0//MUSM0N_1-1 
CTY91.55-21Y-0M-2Y-0M-I Y-OB 
TS_C30SN 
100024 
TS_C30SN 
100025 
TS_C30SN 
100026 
TS_C30SN 
100027 
TS_C30SN 
100028 
TS_C30SN 
100029 
TS_C30SN 
100031 
TS_C30SN 
100032 
TS_C30SN 
100034 
TS_C30SN 
100037 
TS_C30SN 
100039 
TS_C30SN 
100040 
TS_C30SN 
100041 
TS_C30SN 
100050 
TS_C30SN 
100051 
TS_C30SN 
100052 
TS_C30SN 
100053 
TS_C30SN 
100054 
TS_C30SN 
100055 
TS_C30SN 
100056 
TS_C30SN 
100042 
Cont 
Entry 
number Pedigree 
(En) 
"41 ARDI/RHIN0//MUSM0N_1 -1 
CT Y91.5 5-8M-0 Y-OM-1Y-OB 
42 ARDI_l/TATU_3/3/Z9/ZEBRA 31//ASAD/4/FAHAD 
CT Y91.818-1M-0 Y-2M-1Y-OM-2 Y-OB 
43 ARDI_1/T0P0 1419//ERIZO_9/3/PORSAS_2 
CTSS92Y61-9Y-0M-2Y-0B 
44 ARDI_1/T0P0 1419//ERIZO_9/3/SONNI_2 
CTSS92Y58-3Y-0M-2Y-0B 
45 ARDI_1/T0P0 1419//ERIZO_9/3/SUPI_l 
CTSS92Y63-1Y-0M-1Y-0B 
46 ARMINO_4-l/POSS_l-4 
CTB91.1976-22M-0 Y-OM-1 Y-OB 
47 ASNO/ARDI_3//ERIZO_7/3/ARDI/RHINO 
CTSS92 Y83 -10 Y-OM-1 Y-OB 
48 ASNO/ARDI_3//ERIZO_7/3A^ARSA_3 
CTSS92Y79-4Y-0M-1 Y-OB 
49 ASNO/ARDI_3//ERIZO_7/3A^ARSA_3 
CTSS92Y79-9Y-0M-1Y-0B 
50 AX-1184/ASAD//RHINO_2/3 A^ICUNA_4 
CTY91.101-28Y-0M-1Y-0M-3Y-0B 
51 AX-1184/AS AD//RHEvfO_2/3mCUNA_4/4/MORS A 
CTSS92Y826-G-1 Y-OM-1 Y-OB 
52 BAGAL_2/COATI_4 
CTY91.113-26Y-0M-2Y-0M-1 Y-OB 
53 BAGAL_2/COATI_4 
CTY91.113-26Y-0M-1Y-0M-2Y-0B 
54 BAGAL_3*2/3/MUSX/LYNX//STIER_12-3 
CTB90.2415-2Y-1M-0Y-0M-1Y-0M-1Y-0B 
55 BANT_2/RHINO_9//GIRAF/YOGUI_l/3/LIRON_l 
CTSS92Y103-16Y-0M-1Y-0B 
56 BAT/ARDI_l/A^OGUI_3/3/KETTU_l 
CTSS92 Y104-1 Y-OM-2 Y-OB 
57 BGLTAVALRUS_l-3 
CTY90.60-11M-0Y-0M-1Y-0M-1 Y-OB 
58 BULL_1 - 1/AJR0N_1 l/RHINOJ 
CTY91.149-21 Y-OM-lY-OM-1 Y-OB 
59 BULL_1-1/KISSA_1-1 
CT Y91.146-12M-0 Y-OM-4 Y-OB 
60 BULL_10/MANATI_1//FAHAD_9 
CTY91.1209-9M-0Y-1M-1Y-0M-2Y-0B 
61 BULL_10/MANATI_1//FAHAD_9 
CTY91.1209-9M-0 Y-1M-1 Y-OM-1 Y-OB 
Origin 
TS_C30SN 
100043 
TS_C30SN 
100044 
TS_C30SN 
100045 
TS_C30SN 
100046 
TS_C30SN 
100047 
TS_C30SN 
100048 
TS_C30SN 
100061 
TS_C30SN 
100062 
TS_C30SN 
100063 
TS_C30SN 
100065 
TS_C30SN 
100066 
TS_C30SN 
100067 
TS_C30SN 
100068 
TS_C30SN 
100069 
TS_C30SN 
100070 
TS_C30SN 
100073 
TS_C30SN 
100075 
TS_C30SN 
100085 
TS_C30SN 
100084 
TS_C30SN 
100081 
TS_C30SN 
100082 
Cont 
Entry 
number 
(En) 
Pedigree Origin 
62 BULL_10/SONNI_2-1 
CTB91.1886-21Y-0M-1Y-0B 
63 CAGUAN_4-1/FAHAD_5 
CTB91.1964-26M-0Y-OM-2Y-0B 
64 CARACAL 
CTM87.1801-2Y-0M-11RES-7M-1Y-0PAP-4Y-0B 
65 CARACAL 
CTM87,1801-2Y-0M-11RES-7M-1Y-OP AP-3 Y-OB 
66 CrN/PI//PATO/3/BGL/4/DRIRA/5/DLF99/3/M2A/S 
CTY91.897-4M-0Y-4M-1Y-0M-2Y-0B 
67 CIN/PI//PATO/3/BGL/4/DRIRA/5/DLF99/3/M2A/S 
CTY91.897-4M-0Y-4M-2 Y-OM-2 Y-OB 
68 CIN/Py/PATO/3/BGL/4/DRIRA/5/DLF99/3/M2A/S 
CTY91.897-4M-0Y-3M-1Y-OM-5 Y-OB 
69 CIN/PI//PATO/3/BGL/4/DRIRA/5/DLF99/3/M2A/S 
CTY91.897-4M-0Y-4M-2Y-0M-1 Y-OB 
70 CIN/PI//PATO/3/BGL/4/DRIRA/5/DLF99/3/M2A/S 
CTY91.897-4M-0Y-3M-1 Y-OM-2 Y-OB 
71 CMH77.1135/CMH77A. 1165//2*YOGUI_l/3/ffiEX/4 
CTY88.918-2M-0RES-6M-0Y-2M-2Y-0M-1B-0Y 
72 COATIJ/FAHADl 
CTB91.1799-36M-0Y-0M-1 Y-OB 
73 C0PI_1 
CTM25014-3M-0Y-0H-0Y-10B-501Y-503M-500RES-
74 CT775.81/ARDI_l//ANOAS_l 
SWTY87.209-2B-3Y-1B-2RES-0B-3Y-0PAP-3Y-0B 
75 CT776.8 l/3/AR/SNP6//BGL/C,S 10/4/ZEBRA 31/C 
SWTB90.251-4Y-2B-0Y-0M-2Y-0M-2Y-0B 
76 DAGR0/roEX//CIVET#2 
SWTY87.246-1B-3 Y-2B-4RES-0B-1 Y-OP AP-3 Y-OB 
77 DAMAN_2-2/KISSA_8-l 
CTB91.2199-4M-0 Y-OM-1 Y-OB 
78 EMS M83.6039/2*FAHAD_5 
SWTB90.265-12Y-1B-0Y-0M-1Y-0M-4Y-0B 
79 ERIZO_12*2AVUH3//KISSA_4 
CTSS92 Y265-21 Y-OM-1 Y-OB 
80 ERIZO_12*2AVUH3//KISSA_4 
CTSS92Y265-25Y-0M-1Y-0B 
81 ERIZ0_12*2AVUH3//KISSA_4 
CTSS92Y265-26Y-0M-1 Y-OB 
82 ERIZ0_12/NIMIR_3/3/Z9/ZEBRA 31 //ASAD 
CTSS92Y280-4Y-0M-2Y-0B 
TS_C30SN 
100083 
TS_C30SN 
100087 
TS_C30SN 
100088 
TS_C30SN 
100089 
TS_C30SN 
100090 
TS_C30SN 
100091 
TS_C30SN 
100092 
TS_C30SN 
100093 
TS_C30SN 
100094 
TS_C30SN 
100096 
TS_C30SN 
100097 
TS_C30SN 
100098 
TS_C30SN 
100099 
TS_C30SN 
100100 
TS_C30SN 
100102 
TS_C30SN 
100104 
TS_C30SN 
100107 
TS_C30SN 
100112 
TS_C30SN 
100113 
TS_C30SN 
100114 
TS_C30SN 
100116 
Cont 
Entry 
number Pedigree 
(En) 
"^3 ERIZO_6/NIMIR_4 
CT Y89.72-19 Y-OM-3 Y-OM-3 Y-0M-2B-0Y 
84 F3FLTCL 
-2M-1Y-0M-2Y-0B 
85 F3FLTCL 
-2M-1Y-0M-4Y-0B 
86 FAHAD_1*2//HARE_263/CIVET 
CTY91.914-7M-0Y-1M-2 Y-OM-1Y-OB 
87 FAHAD_1*2//HARE_263/CIVET 
CTY91.914-7M-0Y-3M-2 Y-OM-2 Y-OB 
88 FAHAD_1*2//HARE_263/CIVET 
CTY91.914-7M-0Y-3 M-2 Y-OM-5 Y-OB 
89 FAHAD_1*2//HARE_263/CIVET 
CTY91.914-7M-0 Y-1 M-2 Y-OM-3 Y-OB 
90 FAHAD_1*2//HARE_263/C1VET 
CT Y91.914-7M-0 Y-2M-1Y-OM-2 Y-OB 
91 FAHAD_ 1 *2//HARE_263/CI VET 
CTY91.914-7M-0 Y-1 M-2 Y-OM-2 Y-OB 
92 FAHAD_1*2//HARE_263/CIVET 
CTY91.914-7M-0Y-1M-3Y-0M-1Y-0B 
93 FAHAD_1/KISSA_8-1 
CTY91.202-1OY-OM-1 Y-OM-2 Y-OB 
94 FAHAD_1/SUSI_2-1 
CTY91.201-7M-0 Y-OM-2 Y-OB 
95 FAHAD_l/SUSI_2-l/3/ASAD/ELK 54//ERIZO_10 
CTSS92 Y881 -E-4 Y-OM-1 Y-OB 
96 FAHAD_l/SUSI_2-l/3/ASAD/ELK 54//ERIZO_10 
CTSS92Y881 -E-1Y-0M-4Y-0B 
97 FAHAD_4/FARAS_] 
CTY89.179-5 Y-OM-2 Y-OM-6 Y-OM-1B-OY 
98 FAHAD_5 
CTM18931-0Y-3M-1Y-1M-2Y-2B-0Y 
99 FAHAD_5*2/RHINO IR.ID 5+10 5D*5B' 
CTSS92Y13 56-D-3 Y-OM-3 Y-OB 
100 FAHAD_5*2/RHINO IR.ID 5+10 5D*5B' 
CTSS92Y1356-G-3Y-0M-3Y-0B 
101 FAHAD_5*2/RHINO IR.ID 5+10 5D'5B' 
CTSS92Y13 56-A-4 Y-0M-4Y-0B 
102 FAHAD_5*2/RHINO IR.ID 5+10 5D'5B' 
CTS S92 Y13 56-A-4 Y-OM-2 Y-OB 
103 FAHAD_5*2/RfnNO IR. ID 5+10 5D'5B' 
CTSS92 Y13 56-A-4 Y-OM-3 Y-OB 
Origin 
TS_C30SN 
100436 
TS_C30SN 
100117 
TS_C30SN 
100118 
TS_C30SN 
100119 
TS_C30SN 
100120 
TS_C30SN 
100121 
TS_C30SN 
100122 
TS_C30SN 
100123 
TS_C30SN 
100124 
TS_C30SN 
100125 
TS_C30SN 
100126 
TS_C30SN 
100127 
TS_C30SN 
100128 
TS_C30SN 
100129 
TS_C30SN 
100131 
TS_C30SN 
100132 
TS_C30SN 
100136 
TS_C30SN 
100137 
TS_C30SN 
100140 
TS_C30SN 
100141 
TS_C30SN 
100142 
Cont 
Entry 
number Pedigree Origin 
(En) 
l 0 4 FAHAD_6 TS_C30SN 
CTM18931-0Y-3M-1Y-1M-2Y-0B 100143 
105 FAHAD_7 TS_C30SN 
CTM18931-0Y-3M-1Y-1M-5Y-3B-0Y 100144 
106 FAHAD_8-2*2/VICUNA_4 TS_C30SN 
CTY91.919-2M-0 Y-1M-1Y-0M-4Y-0B 100147 
107 FAHAD_8-2*2/VICUNA_4 TS_C30SN 
CT Y91.919-2M-0 Y-1M-1Y-0M-2Y-0B 100148 
108 FAHAD_8-2*2/VICUNA_4 TS_C30SN 
CTY91.919-2M-0 Y-1M-1Y-OM-1Y-OB 100149 
109 FAHAD_8-2/SONNI_2-l TS_C30SN 
CTY91.221-14M-0Y-0M-2Y-0B 100152 
110 FARAS_2*2AVALRUS_l-3 TS_C30SN 
CTB90.2492-5 Y-2M-0 Y-OM-1 Y-OM-1 Y-OB 100155 
111 FD-693/2*FAHAD_4 TS_C30SN 
SWTB89.239-1 Y-5PAP-0Y-0M-7Y-0M-2B-0Y 100157 
112 FD-693/2*FAHAD_5 TS_C30SN 
SWTB91.636-6Y-2M-0Y-0M-2Y-0B 100158 
113 GC.3/733.EB//MPE/3/2*FAHAD_2 TS_C30SN 
S WTY90.190-5B-4 Y-OM-1 Y-OM- IB-OY 100160 
114 GNU/ASAD//ARDI/3/MANATI_l TS_C30SN 
CTY90.276-3Y-0M-1Y-0M-2B-0Y 100162 
115 HARE_263/CIVET/4/FABA/DWF RYE GOOD SEED//D TS_C30SN 
CTY91.611-18Y-0M-1Y-0M-1Y-0B 100164 
116 HIPPO_l//PTR/2*M2A/3/BARAL TS_C30SN 
CTY91.486-33Y-0M-3Y-0M-1Y-0B 100166 
117 HIPPO_l//PTR/2*M2A/3/BARAL TS_C30SN 
CTY91.486-5 Y-OM-1Y-0M-2Y-0B 100167 
118 HYSDWF/CENT.RUFUS//LASKO/3/6TB277/4/2*FAH TS_C30SN 
SWTB90.280-5Y-1B-0Y-0M-1Y-0M-1Y-0B 100168 
119 HYSDWF/CENT.RUFUS//LASKO/3/6TB277/4/2*FAH TS_C30SN 
SWTB90.280-5Y-1B-0Y-0M-1Y-0M-3Y-0B 100169 
120 HYS DWF/CENT.RUFUS//LASKO/3/6TB277/4/2*FAH TS_C30SN 
SWTB90.280-5 Y-1B-OY-OM-1Y-0M-2Y-0B 100170 
121 rNRA.R7.1C/KANSAS77/AV.TCL83/3/2*LAMB_3/4 TS_C30SN 
CTB91.2015-19M-0Y-0M-1Y-0B 100172 
122 JAGO/2*FAHAD_5 TS_C30SN 
S WTB90.284-4Y-1 B-OY-OM-1Y-OM-3 Y-OB 100173 
123 JAGO/2*FAHAD_5 TS_C30SN 
SWTB90.284-4 Y-1 B-OY-OM-1Y-0M-4Y-0B 100175 
124 JAGO/2*FAHAD_5 TS_C30SN 
SWTB90.284-4Y-1B-0Y-0M-IY-0M-5Y-0B 100177 
Cont 
Entry 
number 
(En) 
Pedigree Origin 
125 KETTU_1/VICUNA_4 TS_C30SN 
CTB91.2096-12M-0Y-0M-2Y-0B 100179 
126 KETTU_l-2/FAHAD_l/3/RONDO/BANT_5//ANOAS_2 TS_C30SN 
CTSS92Y965-D-3Y-0M-1Y-0B 100178 
127 KISSA_7-1 TS_C30SN 
CTM86.101-2MI-1Y-7M-4RES-0B-1Y-OPAP 100182 
128 KISSA_7-3//SIKA 26/HARE_337 TS_C30SN 
CT Y90.788-12 Y-0M-2Y-0M-1B-OY 100183 
129 LIRON_2-l/3/MUSX/LYNX//STIER_12-3 TS_C30SN 
CTY91.8-9Y-0M-1Y-0M-2Y-0B 100185 
130 LIRON_2-l/3/N4USX/LYNX//STffiR_12-3 TS_C30SN 
CTY91.8-9Y-0M-1Y-0M-1Y-0B 100186 
131 LIR0N_2-1 /3/MUSX/LYNX//STIER_l 2-3 TS_C30SN 
CTY91.8-15M-0Y-0M-2Y-0B 100187 
132 LIRON_2-l/3/MUSX/LYNX//STffiR_12-3 TS_C30SN 
CTY91.8-21M-0Y-0M-3Y-0B 100188 
13 3 LIR0N_2-1 /MUSMON_I TS_C3 OSN 
CTB90.2093-17Y-0M-2Y-0M-1Y-0B 100190 
134 MORSA/FAHADJ TS_C30SN 
CTSS92Y186-11Y-0M-4Y-OB 100194 
135 NIMIR_3-4/ZEBRA79//ERIZO_10/3/KISSA_4 TS_C30SN 
CTSS92Y212-10Y-0M-1Y-0B 100201 
136 PACA_2/3/MUSX/LYNX//STIER_12-3 TS_C30SN 
CTY91.130-3 7Y-0M-1Y-OM-1Y-OB 100202 
137 PACA_4/COPI_2 TS_C30SN 
CT Y91.127-21 Y-OM-1 Y-OM-1 Y-OB 100204 
138 PAPION_l-l/3/AX-1184/ASAD//RHINO_2 TS_C30SN 
CTB90.1749-20M-0Y-0M-2Y-0M-4Y-0B 100211 
139 PAPION_3*2/3/ZEBRA31/CIVET//URON_5 TS_C30SN 
CTB91.253 5-1Y-3M-0Y-OM-2 Y-OB 100212 
140 PAPION_7/FAHAD_8 TS_C30SN 
CTY90.431-15M-0Y-0M-1Y-0M-1 Y-OB 100214 
141 PAPION_7/FAHAD_8 TS_C30SN 
CTY90.431 -15M-0Y-0M-1Y-0M-2Y-0B 100215 
142 PASSI_3-2//GNU*2/SPB TS_C30SN 
CTB91.2282-I0M-0Y-0M-1Y-0B 100216 
143 PASSI_5-2//RAM-TCL#2*2/SUJATA TS_C30SN 
CTY90.165-1OM-OY-OM-1Y-OM-3 Y-OB 100219 
144 PASSI_5-2//RAM-TCL#2*2/SUJATA TS_C30SN 
CTY90.165-1 OM-OY-OM-1 Y-OM-1 Y-OB 100220 
145 PASSI_5-2/DAMAN_5//FAHAD_8-2 TS_C30SN 
CTY91.890-6M-0Y-1M-1 Y-OM-1 Y-OB 100218 
Cont 
Entry 
number Pedigree 
(En) 
"146 PF2PCZ 
-20M-0Y-0M-1Y-0B 
147 PF2PCZ 
-20M-0Y-0M-3Y-0B 
148 PFT80413/DLF//ZEBRA 79/3/GNU_5/4/ERIZO_8/5 
CTB90.2635-9Y-3M-0Y-0M-2Y-0M-2Y-0B 
149 PFT80413/DLF//ZEBRA 79/3/G^fU_5/4/ERIZO_8/5 
CTB90.2635-9Y-3M-0Y-0M-2Y-0M-4Y-0B 
150 PIKA_l/3/EDA_7//M2A/ZA75/4/GATO 
CTB91.2257-18M-0Y-0M-3 Y-OB 
151 PrKA_l /3/EDA_7//M2A/ZA75/4/GATO 
CTB91.2257-28M-0Y-0M-1 Y-OB 
152 P0PP1_1/LIR0N_1-1 
CTSS92Y563-8Y-0M-2Y-0B 
153 RAM-TCL#2*2//PF70354/BOW/3/2*FAHAD_9 
CTB90.2655-2Y-3M-0Y-0M-2Y-0M-3Y-0B 
154 RAM-TCL#2*2//PF70354/BOW/3/STIER_34*2/LIRA 
CTB91.2146-21M-OY-0M-2Y-0B 
155 RHINO 1D(1A)3185/PASSI_5-1//PASSI_4 
CTSS92Y1293-B-3 Y-OM-1 Y-OB 
156 RHINO 1D(1A)3190//2*STIER_34*2/LIRA 
CTSS92 Y1294-E-4Y-0M-2 Y-OB 
157 RHINO 1RS-1DL3382/KISSA_8-1 
CTB91.3013-1M-0Y-0M-1Y-0B 
158 RHINO 1RS-1DL3382/SUSI_2-1//SUSI_2 
CTSS92Y1313-A-1Y-0M-1Y-0B 
159 RHINO IRS. IDL 3384/PEURA_5-2//PEURA_5 
CTSS92Y1317-C-2Y-0M-1 Y-OB 
160 RHINO IRS.IDL 3384/2*VICUNA_4 
CTSS92Y1321-N-1Y-0M-3Y-0B 
161 RHINO IRS. IDL 3384/2*VICUNA_4 
CTSS92Y1321-C-2Y-0M-4Y-0B 
162 RHINO IRS.IDL 3384/2*VICUNA_4 
CTSS92Y1321-C-2Y-0M-2 Y-OB 
163 RHINO IRS. IDL 3384/2*VICUNA_4 
CTSS92Y1321-J-3Y-0M-3Y-0B 
164 RHINO 2D(2A) 3197/2*FAHAD_8-2 
CTSS92Y1295-C-2Y-0M-1 Y-OB 
165 RHINO 2D(2A) 3197/2*FAHAD_8-2 
CTSS92Y1295-C-2 Y-0M-2Y-0B 
166 RHINO 2D(2A) 3197/2*FAHAD_8-2 
CTSS92Y1295-C-4Y-0M-1 Y-OB 
Origin 
TS_C30SN 
100222 
TS_C30SN 
100223 
TS_C30SN 
100224 
TS_C30SN 
100225 
TS_C30SN 
100226 
TS_C30SN 
100227 
TS_C30SN 
100229 
TS_C30SN 
100233 
TS_C30SN 
100234 
TS_C30SN 
100236 
TS_C30SN 
100237 
TS_C30SN 
100238 
TS_C30SN 
100240 
TS_C30SN 
100242 
TS_C30SN 
100243 
TS_C30SN 
100244 
TS_C30SN 
100245 
TS_C30SN 
100247 
TS_C30SN 
100248 
TS_C30SN 
100249 
TS_C30SN 
100250 
Cont 
Entry 
number Pedigree Origin 
(En) 
T67 RHINO 2D(2R) 3434//TSW2.488/MUSMON_l/3/MUS TS_C30SN 
CTSS92Y1349-B-1Y-0M-1Y-0B 100251 
168 RHINO 7D(7A) 3268/PEURA_5-2//PEURA_5-l TS_C30SN 
CTSS92Y1304-B-3Y-0M-1Y-0B 100252 
169 RHIN0_9/VICUNA TS_C30SN 
CTY91.359-12Y-0M-1Y-0M-1Y-0B 100255 
170 RONDO/2*ERIZO_ll//KISSA_4 TS_C30SN 
CTSS92Y326-15Y-0M-1Y-0B 100257 
171 R0ND0/2*ERIZ0_11//KISSA_4 TS_C30SN 
CTSS92Y326-24Y-0M-1Y-0B 100258 
172 RONDO/2*ERIZO_ll//KISSA_4 TS_C30SN 
CTSS92Y326-23Y-0M-1Y-0B 100259 
173 RONDO/2*ERIZO_ll//KISSA_4 TS_C30SN 
CTSS92Y326-21Y-0M-1Y-0B 100260 
174 RONDO/BANT_5//ANOAS_2/3AaCUNA_4 TS_C30SN 
CTSS92Y310-14Y-0M-2Y-0B 100261 
175 R0TTA_l-3/BULL_l-l TS_C30SN 
CTB91.2132-10M-0Y-0M-2Y-0B 100262 
176 RUUNA_1-1/KISSA_1-1 TS_C30SN 
CTY91.23-9Y-0M-2Y-0M-2Y-0B 100263 
177 RUUNA_7/MOLOC_l-l/3/ZEBRA31/CIVET//URON_5 TS_C30SN 
CTY91.1115-1M-0Y-1M-1Y-0M-2Y-0B 100265 
178 RUUNA_7/MOLOC_l-l/3/ZEBRA31/CIVET//URON_5 TS_C30SN 
CTY91.1115-1M-0Y-1M-1Y-0M-1Y-0B 100266 
179 RUUNA_7-l//804/BAT TS_C30SN 
CTB90.1671-5M-0Y-0M-1Y-OM-1Y-OB 100264 
180 SB-693/ERIZO_6//SONNI_6 TS_C30SN 
SWT Y91.109-1OB-0 Y-1M-2 Y-OM-3 Y-OB 100267 
181 SnCA 26/HARE_337//KISSA_7-3 TS_C30SN 
CTB90.1959-9M-0Y-0M-1Y-0M-2Y-0B 100268 
182 SIKA 26/TESMO_3//LYNX/3/FAHAD_2 TS_C30SN 
CTY89.248-28 Y-OM-1 Y-OM-1 Y-OM-1B-OY 100269 
183 S0NNI_2-1//LYNX/Y0GUI TS_C30SN 
CTB90.1866-4M-0Y-0M-2Y-0M-2Y-0B 100272 
184 SONNI_3//STIER_34*2/LIRA TS_C30SN 
CTB91.1990-17M-0Y-0M-3 Y-OB 100273 
185 SQR_4/3/TAPIRA^OGUl_l//2*MUSX/4/FARAS_l TS_C30SN 
CTB89.2443-9Y-5M-0Y-0M-3Y-0M-1B-0Y 100274 
186 STIER_34*2/LIRA//RHINOlR.lD5+10 5D'5B' TS_C30SN 
CTB91.2347-19M-0Y-0M-2Y-0B 100276 
187 POLLMER_2.3.1 TS_C30SN 
CTY88.547-22RES-1M-0Y-2M-1Y-0M-3B-0Y 100277 
Cont 
Entry 
number Pedigree Origin 
(En) 
^188 P0LLMER_2.1.1 TS_C30SN 
CTY88.547-22RES-1M-0Y-2M-1Y-0M-1B-0Y 100278 
189 SUSI_2-l/PUKKI_I-2 TS_C30SN 
CTY91.73 -16 Y-OM-1Y-0M-2Y-0B 100281 
190 SUSI_2-2/FAHAD_5 TS_C30SN 
CTB90.1745-15M-0Y-0M-1 Y-OM-1Y-OB 100282 
191 SUSI_2-2/FAHAD_5 TS_C30SN 
CTB90.1745-15M-0Y-0M-1Y-OM-2 Y-OB 100283 
192 TARASCA 87_l/2*MUSMON_l TS_C30SN 
CTB90.2721 -10Y-7M-0Y-0M-1Y-OM-3 Y-OB ] 00285 
193 TESMO_l/MUSX603//FAHAD_4/3/NIMIR_l/GNU_l TS_C30SN 
CTY91.1296-2M-0 Y-2M-1 Y-OM-1 Y-OB 100287 
194 TESMO_2/MUSX603//MANATI_l/3/YOGUI_l/TESMO TS_C30SN 
CTB90.2745-6Y-1M-OY-OM-1Y-OM-2 Y-OB 100290 
195 TESMO_2/MUSX603/3/PRIM81-212/TOPO123//C, TS_C30SN 
CTB90.2744-6Y-2M-0Y-0M-3Y-0M-1Y-0B 100288 
196 VARSA_l//STIERJ4*2/LIRA/3/RONDO/2*ERIZO_l TS_C30SN 
CTSS92Y1121-C-1Y-0M-1Y-0B 100292 
197 VICUNA_4/3/Z9/ZEBRA31//ASAD TS_C30SN 
CTB90.1876-5M-0Y-0M-1 Y-OM-2 Y-OB 100294 
198 W.TCL83/HOHl//RHINO_4/3/ARDI_l/4/KISSA_3- TS_C30SN 
CTB91.2225-11 M-OY-OM-1 Y-OB 100296 
199 W.TCL 83/KB35//2*FAHAD_8-2 TS_C30SN 
SWTB9O.375-9Y-3B-0Y-0M-1 Y-OM-1 Y-OB 100297 
200 WALRUS_l-2/ERIZO_8 CTY91.626-19 Y- TS_C30SN 
OM-1 Y-OM-1 Y-OB 100295 
45 
3.4.1 Experiment I 
The first experiment was the screening trial conducted in the "rabi" 
(winter) season of 1998-1999. The aim of the experiment was to screen the 
newly released cultivars of triticale in comparison to locally grown wheat 
(HD-2204) check (Table 2). The experiment was conducted in a field divided 
into two sub- plots with a water channel in between. In each plot, 100 triticale 
cultivars with (entiy number) Enl-EnlOO were sown. Each cultivar in two 
rows of one meter length and 20cm apart. Each cultivar was separated from 
other keeping 30cm distance. While in other plot, remaining 100 cultivars with 
Enl01-En200 and one cultivar of wheat HD-2204 (check) were sown in 
similar way. The sowing was done through dibbling method (putting seeds one 
by one manually in the furrow). Uniform dose of nitrogen (150kg ha'^), 
phosphorus (30kg ha"') and potassium (30kg ha'') was apphed basally prior to 
sowing. The N, P and K were applied in the form of commercial grade urea, 
single super phosphate and muriate of potash respectively. The sowing was 
done on 8 November 1998 and the crop was harvested in the month of April 
1999 (starting from 3"^ April) on different dates depending upon the maturity of 
the cultivars (Table 7). The last harvest was made on H^ April. Three 
irrigations were given to the crop at 35, 70 and 105 DAS. Weeding was done 
before each irrigation. 
The growth characteristics were studied at three stages tillering, heading 
(emergence of ears) and milky grain, while yield characteristics were recorded 
at maturity of each cultivar. However, the quality characteristics of grain were 
analysed after completion of harvest. 
3.4.2 Experiment II 
This experiment was conducted during the "rabi" (winter) season of the 
year 1999-2000. The physio-chemical properties of the field soil are given in 
table 1. The experiment was designed after the observations recorded from the 
first field screening experiment, out of which nine promising cultivars of 
Table 3. Tri t icale cultivars selected for Exper iments II and III 
(1999 - 2 0 0 0 ) 
- -Entry. 
number 
(En) 
Pedigree Origin 
08 150.83/3/ZEBRA31/CIVET//URON_5/4/MUSMON_l TS_C30SN 
SWTB90.212-5Y-1B-0Y-0M-2Y-0M-1Y-0B 100008 
13 44n.6/3/MUSX/LYNX//STIER_12-3/4/FAHAD_5 TS_C30SN 
SWTY91.201-3B-0Y-1M-1Y-0M-3Y-0B 100017 
18 804/BAT//2*VICUNA_l TS_C30SN 
CTY91.801 -3M-0Y-3M-2Y-0M-1Y-OB 100022 
28 ANOAS_3/TATU_4 TS_C30SN 
CTM86.123-12MI-3MI-3BI-2Y-0PAP-1 Y-OB 100034 
33 AR/SNP6//TARASCA87_2/C,S10/3/PORSAS TS_C30SN 
CTY91.43 8-1Y-OM-1Y-OM-2 Y-OB 100050 
65 CARACAL TS_C30SN 
CTM87.1801-2Y-0M-11RES-7M-1Y-0PAP-3Y-0B 100089 
130 LIRON_2-l/3MUSX/LYNX//STffiR_12-3 TS_C30SN 
CTY91.8-9 Y-OM-1 Y-OM-1 Y-OB 100186 
140 PAPION_7/FAHAD_8 TS_C30SN 
CTY90.431 -15M-0 Y-OM-1 Y-OM-1 Y-OB 100214 
186 STIER_34*2/LIRA//RHINOlR.lD5+10 5D'5B' TS_C30SN 
CTB91.2347-19M-0 Y-OM-2 Y-OB 100276 
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triticale were selected on the basis of their performance (Table 3). In this 
experiment, effect of four levels of basal nitrogen (0, 100, 150 and 200kg ha"') 
on growth, yield and quality characteristics was studied. Like Experiment 1 in 
this field trial also wheat check (HD-2204) was included. Phosphorus and 
potassium were applied uniformly at the rate of 30kg ha'' each. The aim of this 
experiment was to select the optimum dose of nitrogen and most adapted 
cultivars and to test the triticales in comparison to wheat check under larger 
field area. The summary of the treatments is given in table 4. 
The design of this experiment was factorial randomised. The treatment 
plots of the size 2 x 2 meters were prepared by using standard agricultural 
practices. All the four treatments of nitrogen and 10 cultivars (9 of triticale and 
one wheat) were replicated thrice. Before sowing, the seeds were surface-
Sterilized with absolute alcohol. The sowing was done on 11 of November 
1999 through behind the plough method in rows, which were kept at a distance 
of 20cm from one another. Crop was harvested in April 2000 on different dates 
depending upon the maturity (Table 12). 
Irrigation, weeding, sources of NPK, sampling and other practices were 
the same as observed in Experiment 1. 
3.4.3 Experiment III 
This experiment was conducted during the same year (1999-2000) along 
with Experiment II. The physio-chemical properties of the field soil are given 
in the table 1. The design of the field, number of triticale cultivars and wheat 
check remained the same as in Experiment II. The aim of this experiment was 
to select the optimum dose of phosphorus and further study of triticale cultivars 
on the basis of their performance. 
Phosphorus was given in four treatments (0, 30, 60 and 90kg ha'') with a 
uniform basal dose of nitrogen (150kg ha'') and potassium (30kg ha'). All the 
treatments were replicated thrice (Table 4). The method of sowing, sources of 
NPK, irrigation, weeding, sampling and other cultural practices remained the 
Table 4. Summary of treatments given in Experiment II (1999 
2000) 
Cultivars 
triticale 
(En) ( 
8 ( 
13 
18 
28 
33 
65 
130 
140 
186 
Wheat 
(Check) 
Nitrogen (kg ha' ' ) 
(Basal application) 
3 100 150 
) 100 150 
) ? i 5 
5 i » 5 
5 9 i ) 
? 1? ? 
? »5 i 
5 55 5 
5 ?? » 
i ?? 5 
? »» i 
200 
200 
N.B. A uniform basal dose of phosphorus and potassium was 
applied at the rate of 30kg ha'' each prior to sowing. 
Summary of treatments given in Experiment III (1999 - 2000) 
Cultivars 
triticale 
Phosphorus (kg ha' ' ) 
(Basal application) 
(En) 0 30 60 90 
8 0 30 60 90 
13 
18 
28 
33 
65 
130 
140 
186 
Wheat 
(Check) 
9 9? 9 
M 5 
>5 5 
5 J 
i » 
5 ) 
5 5 
5 » 
> ) 
N.B. A uniform basal dose of nitrogen (150kg h a ' ) and potassium 
(30kg ha ' ' ) was applied prior to sowing. 
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same as in previous experiments. The seeds were sown on 14"* November 1999 
and crop was harvested in April 2000 on different dates (Table 42). 
3.4.4 Experiment IV 
This field experiment was conducted in rabi season of the year 
2000-2001. The physio-chemical properties of the experimental field soil are 
given in table 1. The experiment was designed after the observations made in 
Experiments 1, 11 and 111 from where optimum doses of nitrogen and 
phosphorus suitable for triticale cultivation were selected. Two cultivars En33 
and En 140 were selected on the basis of their superior performance in these 
field trials. Wheat HD-2204 was retained as check. The aim of this experiment 
was to study the effect of nitrogen (single and split doses, top-dressed) and 
basal phosphorus doses along with the uniform dose of potassium. 
The design of this experiment was also factorial randomised, with six 
treatments as one variable and three cultivars (two of triticale and one wheat 
check) as another. The scheme of the treatments is given in table 5. Nitrogen 
was top-dressed at tillering stage. All the treatments were replicated thrice. 
The method of sowing, irrigation, weeding, sources of NPK remained 
same as in the previous experiments. The seeds were sown on H**" November 
2000 and the crop was harvested on different dates in the month of April 2001 
depending upon the maturity of cultivar (Table 72). Only yield and quality 
parameters were studied in this experiment, as growth parameters were already 
undertaken in earlier experiments. 
3.5 Sampling methods 
Random samples of three plants from each plot (three plants of each 
cultivar in Experiment I) were collected during morning hours at tillering, 
heading and milky grain stages for the study of various growth characteristics. 
The leaves at the same position were also collected for analysis of leaf NRA, 
N, P and K contents in Experiments II and III. For yield characteristics samples 
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were collected at harvest, while for quality parameters grains counted for 1,000 
seed weight were tested. 
3.6 Germination percentage 
Germination percentage was studied only in Experiment 1. The counted 
number of seeds (100 per line) were sown and after emergence of seedlings, the 
germination percentage was calculated. 
No. of seeds germinated 
Germination % = x lOO 
Total no. of seed sown 
3.7 Disease damage scale 
The resistant lines to foliar disease (rust) were screened in Experiment I 
by using damage rating scale of 1 to 6. 
1 to 1.5 = highly resistant 
1.6 to 2.5 = resistant 
2.6 to 3.5 = moderately resistant 
3.6 to 4.5 = moderately susceptible 
4.6 to 5.5 = susceptible 
5.6 to 6.0 = highly susceptible 
3.8 Lodging scale 
Lodging was studied in all the four experiments by using 0-9 scale 
0 = no lodging 
9 = 100% lodging 
For convenience, the lodging scale of 0-9 was simplified as; 
0 - 1 . 5 = 0-16.66% (highly resistant) 
1.5 - 3.0 = 16.66 - 33.33% (resistant) 
3.0-4.5 = 33.33-50.00% (moderately resistant) 
4.5 - 6.0 = 50.00 - 66.66% (moderately susceptible) 
6.0-7.5 = 66.66-83.32% (susceptible) 
7.5 - 9.0 = 83.32 - 100% (highly susceptible) 
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3.9 Days to heading and maturity 
Days to heading were taken in each cultivar separately from the time of 
sowing to emergence of heads (ears). Days to maturity were recorded in each 
cultivar from sowing date to maturity, when the crop was ready to harvest. 
3.10 Growth parameters and crop growth rate (CGR) 
The following growth characteristics were studied at tillering, heading 
and milky grain stages on per plant basis. 
1. Shoot length (cm) 
2. Tiller number 
3. Leaf number 
4. Fresh weight (g) 
5. Dry weight (g) 
6. Crop growth rate (g plant"' day') 
Crop growth rate (CGR) was expressed as dry matter accumulation per 
plant per unit of time (g plant"' day"'). It was calculated by using the formula 
suggested by Watson (1952) 
dw 
CGR = 
dt 
where, dw = difference in dry weight per plant in a given time 
dt = time interval 
3.11 Physiological parameters 
Physiological parameters were studied at different stages (tillering, 
heading and milky grain). 
1. Leaf nitrate reductase activity (NRA) 
2. Photosynthetic rate 
3.11.1 Leaf nitrate reductase activity (NRA) 
Leaf NRA was determined according to the method of Jaworski (1971). 
Fresh leaves were cut into small pieces. 500mg of leaf pieces were transferred 
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to 10ml polythene vials. 2.5inl of phosphatic buffer (pH 7.5) and 0.5ml of 0.2M 
potassium nitrate solution was added followed by an addition of 2.5ml 5% 
isopropanol. In order to avoid bacterial growth, two drops of chloramphenicol 
were added. The polythene vials were then incubated for 2 hours at 30°C. After 
incubation, vials were taken out and from them 0.4ml of the extract was taken 
in a 10ml test tube. 0.3ml of 1% sulphanilamide solution and 0.02% of 
N-1-napthyl-ethylene diamine hydrochloride (NED-HCl) solution was added. 
The solution was left as such for 20 minutes for colour development. The 
contents were diluted to a volume of 5inl with double distilled water (DDW). 
The optical density of the solution was read at 540nm by colorimeter. A blank 
was run simultaneously. The optical density of each sample was compared with 
standard curve, plotted by taking various known dilutions of potassium nitrate. 
NRA was calculated in |i mol N02~ h'^  g'' (fresh leaf tissue). 
3.11.2 Photosynthetic rate 
The rate of photosynthesis was measured in fully expanded leaf of plant 
using the LiCOR-6200, portable photosynthesis system (Nebraska, USA) with 
Ca=0.33m mol CO2 mol"' (330^1 L"*), taking care to use leaves of more or less 
the same age for both control and treated plants. Each observation was 
replicated tv '^ice and the representative data were recorded. All the 
measurements were made on cloudless clear days between 11.00 and 13.00 
solar time. The rate of photosynthesis was measured in Experiments II and III 
only. 
3.12 Leaf digestion and analysis 
Leaves at various stages of growth from the plants collected for the 
study of growth parameters were oven dried at 80°C for overnight. The dried 
leaves were grinded to fine powder and passed through a 72 mesh screen and 
stored in polythene bags. The samples were digested according to the method 
of Lindner (1944). lOOmg of overnight oven dried powder of each replicate 
was transferred to a 50ml Kjeldahl flask to which 2ml of concentrated 
51 
sulphuric acid was added drop by drop. The contents of the flask were heated 
on temperature controlled assembly for about 2 hours, to allow complete 
reduction of nitrates present in the plant material. As a result contents of the 
flask turned black. After cooling the flask for about 15 minutes, 0.5ml of 30% 
H2O2 was added drop by drop and the solution was heated again till the colour 
turns fi:om black to light yellow. Again after cooling for about 30 minutes an 
additional 3-4 drops of 30% H2O2 were added, followed by heating for 15 
minutes. The process was repeated till the contents of flask turned colourless. 
The peroxide digested material was transferred from Kjeldahl flask to 100ml 
volumetric flask with three washings of DDW. The volume of the flask was 
made upto the mark with DDW. This peroxide digested material (aliquot) was 
used for the estimation of N, P and K contents. 
3.12.1 Estimation of N, P and K 
Nitrogen 
The nitrogen content of the digested sample was estimated by the 
method of Lindner (1944). A 10ml aliquot of the peroxide digested material 
was taken in a 50ml volumetric flask. To this, 2ml of 2.5N NaOH and 1ml of 
10% NaSi02 solution was added to neutralize the excess of acid and prevent 
turbidity. The volume of the solution was made upto the mark with the DDW. 
In a 10ml graduated test tube, 5mJ of this solution was taken and 0.5ml of 
Nessler's reagent was added. The final volume was made with DDW. The 
contents of tube were allowed to stand for 5 minutes for maximum colour 
development. Then the solution was transferred to a colorimetric tube and 
optical density was read at 525nm by colorimeter. A blank was also run 
simultaneously. 
Standard curve 
50mg ammonium sulphate was dissolved in 1 litre DDW. From this 
solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0ml was pipetted to ten 
different test tubes. The solution in each test tube was diluted to 5ml with 
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DDW. In each test tube 0.5inl Nessler's reagent was added. After 5 minutes, 
the optical density was read at 525nm by colorimeter. A blank was run with 
each set of determination. Standard curve was plotted using different 
concentrations of ammonium sulphate solution versus optical density and with 
the help of this curve, the amount of nitrogen present in sample was 
determined. 
Phosphorus 
The phosphorus content in the digested samples was determined by the 
method of Fiske and Subba Row (1925). A 5ml ahquot was taken in a 10ml 
graduated test tube and 1ml of molybdic acid (2.5% ammonium molybdate in 
ION sulphuric acid) was added carefully, followed by the addition of 0.4ml of 
l-amino-2-naphthol-4-sulphonic acid. The colour turned blue. DDW was used 
to make the volume to 10ml. The solution was shaken, kept for 5 minutes and 
then transferred to colorimetric tube. The optical density was read at 620nm on 
colorimeter. A blank was used simultaneously with each determination. 
Standard curve 
351mg of potassium dihydrogen orthophosphate was dissolved in 
sufficient DDW to which 10ml of ION H2SO4 was added and the fmal volume 
was made to 1000ml with DDW. From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9 and 1.0ml was taken in ten different test tubes. The solution in 
each test tube was diluted to 5ml with DDW. In each tube, 1ml of molybdic 
acid and 0.4ml l-amino-2-naphthol-4-sulphonic acid was added. After 5 
minutes, optical density was read at 620nm on colorimeter. A blank was run 
with each set of detennination. Standard curve was plotted using different 
dilutions of potassium dihydrogen orthophosphate solution versus optical 
density. With the help of the standard curve, the amount of phosphorus in the 
sample was determined. 
Potassium 
The potassium was estimated with the help of flame photometer. A 10ml 
aliquot was taken and it was read by using filter for potassium. A blank 
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was also run side by side with each set of determination. The reading was 
compared with a calibration curve plotted using known dilutions of a standard 
potassium chloride solution. 
Standard curve 
1.9Ig of potassium chloride was dissolved in 100ml DDW, of which 
1ml solution was diluted to 1000ml. The resulting solution was of lOppm 
potassium. From this, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10ml solution was transferred 
to 10 vials separately. The solution in each vial was diluted to 10ml with DDW. 
The diluted solution of each vial was tested separately. A blank was also run 
with each set of determination. Standard curve was prepared using different 
dilutions of potassium chloride solutions versus reading on the scale of 
galvanometer. The amount of potassium present in the sample was determined 
with the help of standard curve. 
3.13 Yield characteristics 
The following yield characteristics were studied at harvest. 
1. Ear number planf' 
2. Ear weight planf' (g) 
3. Length ear"' (cm) 
4. Spikelet number ear' 
5. Grain number ear"' 
6. 1,000 grain weight (g) 
7. Grain yield (q ha"') 
8. Above ground biomass (q ha"') 
9. Harvest index (%) 
Above ground biomass was recorded on per plot basis from shade dried 
harvest before threshing. Grain yield was recorded after manual threshing on 
per plot basis. Harvest index was computed by dividing the grain yield by total 
above ground biomass and is expressed in per cent. 
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Seed yield (q ha'') 
Harvest index (%) = x 100 
Above ground biomass (q ha"') 
3.14 Grain quality characteristics 
Quality characteristics of grains were studied after harvest. Grains used 
for 1,000 grain weight, were dried in an oven at 80°C. The dried grains were 
grinded to powder and passed through mesh sieve. The grain powder collected 
was used for the chemical analysis. The various quality characteristics studied 
and computed were: 
1. Grain nitrogen content (%) 
2. Protein content (%) 
3. Protein yield (q ha"') 
4. Lysine content (% of protein) 
5. Lysine yield (kg ha"') 
6. Carbohydrate content (%) 
7. Carbohydrate yield (q ha"') 
3.14.1 Grain nitrogen content 
Nitrogen contents in the powdered grain samples were determined by 
the method of Lindner (1944), employed for the estimation of leaf N contents. 
The grain nitrogen yield (kg ha"') was determined by applying formula: 
Grain N yield (kg ha"') = Grain N content (%) x Grain yield 
3.14.2 Protein content 
After determining the percentage of nitrogen in each sample, the per 
cent of protein was computed by the following formula, using the conversion 
factor 6.25, valid for determining the protein per cent in cereal grains including 
triticale (Kaka and Dhiman, 1979; Mc Ginnis et al., 1985). 
% grain protein = % grain nitrogen x 6.25 
The grain protein yield (q ha"') was calculated with the help of protein % 
in the grain, appl5dng the formula 
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% grain protein x total grain yield (q ha"') 
Total grain protein yield (q ha'') = 
100 
3.14.3 Lysine content 
The lysine content in the grain protein was estimated by colorimetric 
method of Villegas and Mertz (1971) and Tsai et al. (1972). 
1. The powdered grain samples were defatted with hexane for 6 hours in a 
soxhlet apparatus. The samples were then air dried and ground further to 
fine powder (80-100 mesh) in an amalgamator. 
2. lOOmg of finely ground defatted sample was taken in a glass vial and 
5ml of papain solution (Appendix) was added to it. The vials were 
tightly capped so that the sample is totally wet. A blank containing 
papain solution was run simultaneously. 
3. The samples were shaken for 1 hour then incubated at 65°C. After 
taking them out from the incubator, the samples were shaken again for 1 
hour to digest them fully. 
4. The hydrolysed samples after being removed from incubator were 
shaken and allowed to adjust at room temperature. To get clear 
supernatant, each sample was centrifuged at 3,000 rpm for 5 minutes. 
5. From the supernatant fraction, 1ml aliquot was transferred to a 
centrifiige tube containing 0.5ml of carbonate buffer, followed by 
addition of 0.5ml copper sulphate suspension (Appendix). 
6. The mixture was shaken for 5 minutes and centrifuged to precipitate the 
excess copper sulphate. 
7. One ml of aliquot of the supernatant was pipetted into a 30ml test tube 
and 0.1ml of 2-chloro-3, 5 dinitrophyridine solution (Appendix) was 
added to it and shaken well keeping the tubes well stoppered with velvet 
cloth. 
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8. The reaction was allowed to proceed for 2 hours at room temperature, 
shaking the test tubes after every 30 minutes. 
9. To acidify the reaction mixture, 5ml of 1.2N HCl was added to it with 
proper shaking. 
10. Later, 5ml of ethyl acetate was added, the stoppered tubes were inverted 
to 10 times to mix well. The upper phase was extracted by a syringe 
adopted with polyethylene tube. This step was repeated three times. 
11. The aqueous solution containing DNPyr lysine was transferred to 
calibrated tubes and read on Bausch and Lomb "Spectronic 20" 
colorimeter at 390nm against a blank. 
12. The lysine content of the samples was determined by using a standard 
curve prepared in the following maimer, followed by calculation on 
protein basis. 
a. The standard curve was prepared in a range of 0 to 200 |ig of lysine 
per ml. 
b. Stock solution of lysine (2,500 \ig ml"') was prepared by dissolving 
62.5mg of lysine monohydrochloride in 20ml of carbonate buffer. 
c. The stock solution was diluted with carbonate buffer to 250, 500, 
750 and 1000 |ig lysine per ml. 
d. For each of these solutions, 1ml aUquot was pipetted out and 4ml of 
papain (5mg ml"') solution was added to it so that the respective 
concentration of lysine became 0, 50, 100, 150 and 200 |ig ml"'. 
e. From each solution, 1ml aliquot was pipetted out into a centrifuge 
tube together with 0.5ml of solution containing amino acid mixture 
(Appendix) followed by addition of 0.5ml copper sulphate 
suspension. The detailed procedure presented above was then applied 
from step 5 on wards and the standard curve was plotted. 
The lysine yield was computed by applying the formula: 
Lysine yield (kg ha'') = % lysine content x protein yield 
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3.14.4 Grain carbohydrate content 
Extraction of grain carbohydrate was done according to the method of 
Yih and Clark (1965) and estimation by Dubois el al. (1956). 
50mg of oven dried and finely gromid grain powder was taken in a 
centrifuge tube. 5ml of 1.5N H2SO4 was added and the mixture was heated on a 
water bath for about 2 hours. After cooling, solution was centrifiiged at 4,000 
rpm for 10 minutes. The extract was collected in a 25ml volumetric flask. The 
residue was washed twice with DDW, followed by centrifugation and 
collection of same washings in the same flask. The volume of the solution in 
flask was made upto the mark with DDW. One ml of this solution was taken 
and 1ml of 5% aqueous phenol solution was added followed by addition of 5ml 
concentrated H2SO4. The colour turned yellow orange. After 30 minutes, the 
optical density (OD) was measured at 490nm using a Bausch and Lomb 
"Spectronic 20" colorimeter. A blank was run simultaneously. The 
carbohydrate content of each sample was estimated by comparing the OD with 
the calibration curve plotted by taking known dilutions of standard solution of a 
chemically pure glucose. 
The grain carbohydrate yield (q ha"') was calculated directly with the 
help of formula: 
% grain carbohydrate x grain yield (q ha'') 
Grain carbohydrate yield (q ha'') 
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It was found that the harvest index in the first three trials did not give 
sufficient information regarding clear differentiation of treatments as well as 
cultivars. Therefore, the following parameters were undertaken in Experiment 
IV to find out the clear distinction. 
1. Nitrogen harvest index 
2. Seed yield merit 
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3. Nitrogen yield merit 
4. Merit of genotype 
3.15 Nitrogen harvest index (NHI) 
The nitrogen harvest index measure the proportion of total nitrogen 
yield in the plant recovered in the grain (Cassman et al., 1992; Bulman and 
Smith, 1994; Ortiz-Monasterio et al, 1997) and was calculated by the formula: 
Seed N yield 
NHI (%) = X 100 
Total above ground N yield 
5.16 Seed yield merit (SYM) 
Seed yield merit was computed by using formula suggested by Imsande 
(1992) 
Seed yield x HI 
SYM = 
100 
3.17 Nitrogen yield merit (NYM) 
Nitrogen yield merit was calculated by multiplying the seed N yield by 
NHI (Imsande, 1992). 
Seed N yield X NHI 
NYM= 
100 
3.18 Merit of genotype (MoG) 
Merit of genot3^e takes into account some of the most desirable traits 
i.e. high yield, high protein content and appeared as a good indicator of over all 
plant performance (Imsande, 1992). The merit of genotype was calculated by 
using formula proposed by Imsande (1992). 
MoG = SYM X NYM 
(Merit of genotj^e) = Seed yield merit x Nitrogen yield merit 
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3.19 Statistical analysis 
The data of the three experiments (Experiments II, III and IV) were 
analysed statistically using F-test (Gomez and Gomez, 1984). If F-value was 
found significant at the 5% level of probability, critical difference (CD.) was 
calculated. The models of analysis of variance (ANOVA) are given in table 6. 
Correlation coefficient values of various characteristics with dry weight, seed 
yield and quality were also worked out. 
Table 6. Models of analysis of variance (ANOVA) 
Experiment II (Factorial randomised block design) 
Source of df SS MSS 
variance 
Replications 
Cultivars (C) 
Treatments (T) 
C X T 
Error 
2 
9 
3 
27 
78 
Total 119 
Experiment 111 (Factorial randomised block design) 
Source of Df SS MSS 
variance 
"P" 
Replications 
Cultivars (C) 
Treatments (T) 
C X T 
Error 
2 
9 
3 
27 
78 
Total 119 
Experiment IV (Factorial randomised block design) 
Source of Df SS MSS 
variance 
"P" 
Replications 
Cultivars (C) 
Treatments (T) 
C X T 
Error 
2 
2 
5 
10 
34 
Total 53 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
4.1 Experiment I 
4.1.1 Germination percentage 
Table 7 revealed that germination percentage, on an average of all 
triticale cultivars was 92.15. Nine cultivars of triticale Ens 57, 76, 77, 78, 158, 
159, 160, 176, 178 and wheat recorded 100% germination. Whereas, the lowest 
germinatioiv of 76% was noted in En 134. In comparison to an average mean of 
triticales (92.15%) 116 entries* and wheat check showed higher germination, 
whereas, 84 entries were lower. 24 entries showing 98%-100% germination 
were 57, 76, 77, 78, 158, 159, 160, 176, 178, 10, 56, 75, 105, 165, 166, 167, 
177, 27, 55, 59 79, 169, 170 and 171. It may be pointed out that overall 
germination of triticale cultivars tested in present trial was far better when 
compared to the earlier tested cultivars, which is a positive sign for its 
cultivation, as seed rate will significantly be reduced. 
4.1.2 Lodging percentage 
The average mean of triticales tested for lodging percentage was 10.45 
with a maximum lodging of 45% in En 78 and zero % lodging in many 
cultivars of triticale and wheat check (Table 7). In comparison to an average 
mean, 148 cultivars* showed lower lodging of which 26 cultivars*** showed 
zero % lodging and may, therefore be categorised as highly resistant. However, 
52 cultivars showed higher lodging than an average mean of triticales, out of 
these, 14 cultivars showed 30% or more lodging and may be categorised as less 
resistant. These cultivars were listed according to their decreasing lodging 
percentage as Ens 78, 45, 72, 50, 75, 2, 5, 23, 38, 46,,60, 81, 116, and 176. It 
may be noted that the triticales showed on an average resistance to lodging 
when compared to original lodging scale (0-9). 
Table 7. Plant survival traits of 200 triticale cultivars and wheat check. 
Entry 
number 
(En) 
Germination Disease 
damage 
Lodging Days to 
heading 
Days to 
maturity 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
93* 
94* 
82 
93* 
97* 
87 
92 
93* 
97* 
99* 
81 
90 
95* 
94* 
93* 
93* 
93* 
96* 
94* 
95* 
95* 
95* 
95* 
93* 
82 
87 
98* 
92 
95* 
91 
97* 
91 
90 
94* 
93* 
97* 
96* 
1* 
2 
9 
8 
1* 
2* 
3* 
2* 
1* 
3* 
4* 
1* 
1* 
g** 
1* 
4* 
7 
4 
1* 
1* 
1 
3* 
4* 
15 
30 
5* 
20 
30 
10* 
20 
5* 
5* 
15 
10* 
5* 
10* 
15 
20 
5* 
J* 
25 
20 
25 
20 
30 
15 
9* 
7* 
7* 
10* 
10* 
10* 
10* 
6* 
5* 
10* 
6* 
10* 
10* 
86* 
92 
89* 
87* 
93 
93 
94 
95 
95 
95 
95 
95 
95 
86* 
86* 
89* 
90* 
92 
91* 
91* 
92 
92 
92 
89* 
95 
96 
92 
90* 
96 
94 
94 
94 
95 
95 
90* 
91* 
90* 
146* 
148* 
146* 
146* 
150* 
149* 
149* 
149* 
150* 
150* 
151 
151 
148* 
147* 
147* 
147* 
147* 
151 
148* 
148* 
150* 
150* 
149* 
149* 
152 
151 
149* 
151 
151 
151 
151 
149* 
150* 
150* 
148* 
148* 
148* 
Cont. 
Entry Germination Disease Lodging Days to Days to 
number (%) damage (%) heading maturity 
(M 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
96* 
96* 
96* 
96* 
95* 
95* 
96* 
92 
83 
89 
90 
92 
93* 
94* 
95* 
95* 
95* 
98* 
99* 
100* 
97* 
98* 
96* 
96* 
82 
81 
94* 
93* 
92 
93* 
95* 
95* 
95* 
95* 
95* 
95* 
91 
99* 
100* 
1.5 
1.9 
2.4 
1.6 
1.5 
1.4* 
3.7 
1.3* 
1.2* 
1.1* 
2 0*** 
Y Q*** 
J Q*** 
Y 0*** 
J Q*** 
J Q*** 
1.1* 
J Q*** 
2.1 
3.1 
J Q*** 
J 0*** 
I Q*** 
J Q*** 
1.2* 
I Q*** 
1.4* 
1.3* 
1.1* 
1.4* 
3.4 
1.1* 
1.1* 
J Q*** 
1.4* 
1.1* 
1.1* 
1.1* 
I Q*** 
30 
15 
7* 
10* 
5* 
10* 
5* 
40 
30 
5* 
6* 
12 
35 
10* 
5* 
3* 
20 
10* 
2* 
3* 
10* 
10* 
30 
20 
10* 
15 
5* 
10* 
15 
10* 
25 
10* 
10* 
15 
40 
25 
20 
35 
Q*** 
95 
91* 
89* 
88* 
88* 
94 
94 
92 
94 
92 
92 
90* 
91* 
92 
90* 
92 
91* 
93 
93 
93 
95 
95 
95 
85* 
85* 
85* 
85* 
85* 
85* 
85* 
85* 
85* 
85* 
84* 
92 
92 
92 
91* 
91* 
Cont 
149* 
147* 
147* 
145* 
145* 
150* 
148* 
148* 
149* 
149* 
151 
151 
151 
151 
151 
151 
151 
146* 
146* 
151 
148* 
151 
151 
151 
145* 
144* 
144* 
145* 
146* 
146* 
145* 
145* 
145* 
145* 
148* 
148* 
146* 
150* 
148* 
Entry Germination Disease Lodging Days to Days to 
number (%) damage (%) heading maturity 
(M 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
100* 
100* 
98* 
96* 
97* 
97* 
97* 
78 
94* 
93* 
97* 
88 
87 
84 
92 
96* 
95* 
91 
80 
84 
91 
95* 
96* 
92 
90 
87 
93* 
84 
88 
93* 
88 
87 
92 
95* 
83 
93* 
87 
94* 
96* 
I Q*** 
J Q*** 
J 0*** 
J Q*** 
[ Q*** 
1.6 
1.4* 
1.4* 
4.3 
1.2* 
I Q*** 
I Q*** 
J Q*** 
1.5 
2.4 
2.4 
2.7 
2.9 
2.1 
2.6 
1.3* 
2.5 
1.2* 
1.4* 
3.8 
2.1 
1.9 
1.8 
1.6 
1.8 
1.2* 
2.5 
2.1 
2.5 
1.6 
1.4* 
1.1* 
1.3* 
1.9 
20 
45 
Q*** 
Q*** 
30 
10* 
5* 
5* 
14 
20 
10* 
10* 
10* 
15 
13 
15 
20 
10* 
10* 
20 
10* 
5* 
3* 
10* 
5* 
7* 
16 
19 
10* 
10* 
10* 
5* 
5* 
n*** 
5* 
9* 
8* 
5* 
15 
91* 
91* 
87* 
87* 
90* 
94 
94 
95 
88* 
95 
95 
95 
90* 
91* 
91* 
95 
91* 
95 
95 
86* 
88* 
88* 
91* 
92 
93 
91* 
92 
88* 
89* 
89* 
89* 
89* 
89* 
86* 
92 
92 
95 
95 
92 
Cont 
148* 
150* 
149* 
149* 
149* 
153 
153 
151 
146* 
146* 
149* 
151 
151 
151 
153 
152 
150* 
149* 
149* 
144* 
146* 
147* 
149* 
149* 
149* 
149* 
149* 
149* 
147* 
147* 
147* 
150* 
150* 
148* 
150* 
150" 
153 
153 
151 
Entry 
number 
lEn) 
Germination Disease 
damage 
Lodging Days to 
heading 
Days to 
maturity 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
84 
90 
91 
83 
82 
81 
91 
88 
87 
94* 
86 
82 
90 
89 
93* 
94* 
93* 
81 
76 
85 
91 
82 
87 
87 
82 
80 
81 
85 
86 
89 
92 
94* 
88 
88 
88 
87 
88 
95* 
93* 
2.1 
2.9 
1.3* 
2.2 
1.4* 
1.4* 
1.4* 
1.9 
1.8 
1.1* 
1.4* 
1.2* 
1.1* 
1.2* 
1 Q*** 
J Q*** 
1 Q*** 
1 0*%* 
2.4 
1.5 
1.2* 
1 Q*** 
1.1* 
1.1* 
1.1* 
1.4* 
1 Qi|c:|c:|c 
1 Q*** 
1 Q*** 
1 Q*** 
1 Q*** 
1 Qifcsf:^: 
1 Q*** 
1 Q*** 
1 Q*** 
J Q*** 
J Q*** 
1 Q*** 
J Q*** 
30 
10* 
15 
10* 
10* 
10* 
10* 
15 
5* 
5* 
7* 
10* 
10* 
10* 
8* 
10* 
9* 
Q*** 
Q*** 
15 
5* 
5* 
5* 
5* 
5* 
10* 
3* 
5* 
4* 
10* 
10* 
12 
17 
Q*** 
5* 
10* 
25 
15 
5* 
96 
92 
93 
96 
89* 
90* 
97 
97 
95 
92 
91* 
91* 
91* 
91* 
91* 
87* 
91* 
91* 
92 
94 
92 
92 
92 
94 
94 
89* 
96 
96 
92 
92 
92 
92 
93 
93 
93 
90* 
92 
92 
93 
Cont 
153 
155 
152 
156 
149* 
149* 
153 
156 
156 
153 
150* 
150* 
150* 
149* 
152 
150* 
151 
149* 
148* 
151 
151 
150* 
149* 
150* 
151 
150* 
153 
151 
151 
151 
151 
151 
151 
150* 
150* 
151 
151 
149* 
153 
Entry 
number 
(En) 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
Germination 
(%) 
93* 
95* 
97* 
100* 
100* 
100* 
89 
86 
95* 
94* 
99* 
99* 
99* 
97* 
98* 
98* 
98* 
89 
92 
95* 
97* 
100* 
99* 
100* 
97* 
97* 
97* 
97* 
97* 
92 
89 
96* 
95* 
93* 
94* 
82 
96* 
91 
87 
Disease 
damage 
I Q*** 
[ 0*** 
J Q*** 
2.2 
2.5 
2.4 
1.2* 
1.9 
1.7 
1.1* 
1.4* 
1.3* 
1.1* 
1.1* 
1.9 
1.1* 
I Q*** 
1.4* 
1.1* 
J Q*** 
1 Q*** 
1.1* 
1.1* 
1.5 
1.6 
1.8 
2.0 
2.1 
3.8 
1.5 
1.7 
1.2* 
1.5 
1.4* 
1.1* 
I Q*** 
J Q*** 
I Q*** 
1.7 
Lodging 
(%) 
10* 
Q * * * 
Q * * * 
Q * * * 
Q * * * 
20 
A * * * 
Q * * * 
Q * * * 
15 
10* 
7* 
5* 
6* 
3* 
2* 
1* 
Q * * * 
Q * * * 
Q * * * 
Q * * * 
30 
5* 
10* 
Q * * * 
5* 
7* 
Q * * * 
Q * * * 
6* 
Q * * * 
5* 
Q * * * 
10* 
10* 
5* 
15 
Q * * * 
5* 
Days to 
heading 
90* 
94 
94 
88* 
91* 
85* 
92 
91* 
91* 
93 
93 
94 
93 
90* 
92 
94 
90* 
92 
89* 
92 
90* 
93 
92 
86* 
93 
86* 
90* 
93 
93 
92 
87* 
95 
89* 
96 
91* 
90* 
90* 
92 
94 
Cont 
Days to 
maturity 
149* 
153 
154 
150* 
151 
147* 
151 
151 
150* 
150* 
150* 
154 
154 
153 
151 
151 
152 
152 
150* 
149* 
149* 
152 
150* 
145* 
150* 
149* 
149* 
152 
152 
153 
149* 
155 
148* 
153 
150* 
150* 
151 
151 
154 
Entay 
number 
(En) 
194 
195 
196 
197 
198 
199 
200 
Geraiination 
(%) 
92 
95* 
90 
91 
95* 
94* 
89 
Disease 
damage 
1.2* 
1.4* 
1.3* 
1.7 
3.0 
1.7 
1.5 
Lodging 
(%) 
10* 
15 
10* 
5* 
10* 
Q * * * 
15 
Days to 
heading 
94 
92 
91* 
94 
97 
91* 
92 
Days to 
maturity 
153 
153 
150* 
151 
155 
150* 
153 
Average 
mean 
Max. 
Min. 
Wheat 
check 
92.15 
100 
76 
100 
1.48 
4.3 
1.0 
2.9 
10.45 
45 
0 
0 
91.46 
97 
84 
83 
150.51 
156 
144 
141 
N.B: * 
* * * 
Cultivars higher than average mean of triticales. 
Cultivars higher than wheat check. 
Highly lodging and disease resistant cultivars. 
61 
4.1.3 Days to heading 
Average mean of the triticales for days to heading was recorded 91.46 
days. Wheat check headed earlier (8.46 days) than average mean of triticales. 
En 71 recorded early heading followed by Ens 61-70 and 160, and were just 
1-2 days later than wheat check (Table 7). However, Ens 122, 123 and 198 
were observed as late cultivars and headed at 97 days (14 days more than wheat 
and about 5 days more than the average mean of triticales). In comparison to an 
average mean of triticales, 89 cultivars* headed earlier, whereas, 111 cultivars 
were late in heading. 
4.1.4 Days to maturity 
Average mean of all triticales was 150.51 days for the crop to mature. 
Ens 63, 64 and 96 were early maturing cultivars among triticales and were 
ready to harvest at 144 days. Whereas, wheat check surpassed all triticales and 
took 141 days. Ens 119, 123 and 124 were noted as late maturing as they took 
156 days to mature and utilized 15 days more than wheat and about 5 days 
more than average mean of triticales (Table 7). As compared to average mean, 
120 cultivars* matured earlier while 80 were late. The early maturing cultivars 
utilizing 144-146 days were Ens 63, 64, 96, 41, 42, 62, 65, 68, 69, 70, 71, 1, 3, 
4, 55, 56, 66, 67, 73, 97, 85 and 86 while, late maturing cultivars which took 
154-156 days were Ens 157, 166, 167, 193, 119, 123, 124, 167, 186 and 198. 
4.1.5 Disease damage 
The average mean of all triticales was recorded only 1.48 with a 
maximum damage (caused by rust) of 4.3 in En 85 and minimum of 1.0 in 
many cultivars, which were highly resistant (Table 7). Wheat check recorded 
damage of 2.9 on scale and was 95.95% and 190% more susceptible to rust 
than an average and highly resistant cultivars of triticale. In comparison to an 
average mean, 62 cultivars were found more susceptible whereas 136 
cultivars* proved resistant. While comparing with wheat 190 cultivars were 
more resistant. It may be noted that 63 cultivars*** were found highly resistant 
62 
while 10 were comparatively more susceptible which included Ens 4, 10, 35, 
44, 57, 68, 85, 101, 183 and 198. 
4.1.6 Growth parameters 
Shoot length plant"* 
The average mean of all tiiticales tested in the present trial was 63.25, 
97.32 and 123.13cm at tillering, heading and milky grain stages respectively 
(Table 8). The shorter plants were observed in cultivar En 125 (52.18cm) at 
tillering. En 16 (82.40cm) at heading and En 156 (103.47cm) at milky grain 
stage. Whereas, the tallest plants were found in En 45 at tillering and heading 
while En 78 at milky grain stage. At milky grain stage, when maximum height 
was attained. En 156 produced 12.87%, 19.00% and 37.73% short statured 
plants than wheat check, average mean of triticales and En 78, the tallest 
triticale respectively. Wheat check at all three stages was shorter to most of the 
triticales and average mean. In comparison to average mean of triticales at 
milky grain stage, 99 cultivars* produced short statured plants while there were 
32 cultivars** which could compete with wheat as these dwarf cultivars may 
be considered for future breeding work. 
Tiller number plant'* 
The average mean for the tiller number per plant was 5.65, 5.48 and 5.15 
at tillering, heading and milky grain stages respectively. Maximum number of 
tillers 9.55 and 8.88 was found in En 28 at tillering and heading respectively. 
However, at milky grain stage, maximum number of tillers 8.33 was recorded 
in En 140 (Table 8). The lowest tillers were observed in En 127 (1.99) at 
tillering and 2.77 and 2.00 in En 138 at heading and milky grain stages 
respectively. At last stage, the maximum value was differing from an average 
mean, wheat check and lowest recorded value by 61.75%, 21.08% and 316.5% 
respectively. Wheat check recorded 7.44, 7.11 and 6.88 tillers at tillering, 
heading and milky grain stages and was observed to produce 31.68%, 29.74% 
and 33.59% more tillers than average mean of triticale at tillering, heading and 
63 
milky grain stages respectively. At milky grain stage, wheat was ranked at 21"^ ' 
place together with En47 and En77. In comparison to an average mean of 
triticales, surpassing number of cultivars were noted 104, 101 and 93* at 
tillering, heading and milky grain stages respectively. There were 17 cultivars 
producing more tillers than wheat at tillering while three cultivars En 20, En 30 
and En 106 were equal to wheat. At heading stage, 12 cultivars were superior 
with En 20 and En 21 at par while at milky grain stage, 20 cultivars produced 
more tillers than wheat check and were Ens 140, 28, 33, 65, 13, 26, 17, 8, 18, 
66, 78, 20, 21, 114, 196, 15, 29, 67, 130 and 16. 
Leaf number plant"^  
The average mean of all triticales for this characteristic was 21.84, 23.81 
and 18.69 at tillering, heading and milky grain stages respectively. The 
maximum number of leaves was recorded in En 140 at tillering (37.33) and 
milky grain stages (29.11) however, at heading stage. En 65 recorded 
maximum number of leaves (39.88). The lowest values 9.00, 13.44 and 9.77 
were noted in En 127 at three respective stages of growth (Table 8). Cultivar 
En 140 recorded 57.05% and 42.42% more leaves than wheat check at tillering 
and milky grain stages respectively, whereas En 65 gave 44.18% more at 
heading stage. The number of leaves in wheat check was recorded as 23.77, 
27.66 and 20.44 at three stages respectively and were more than the average 
mean of triticales at all stages. Wheat check was ranked at 73"^ and 47"" 
position at tillering and heading stages while at last stage, 57 cultivars** 
recorded more leaves than wheat check, whereas, five cultivars Ens 26, 107, 
147, 149 and 163 gave equal number of leaves to that of wheat. In comparison 
to average mean of triticales, 104, 97 and 92 cultivars recorded higher values at 
three stages of growth. 
Dry weight plant'^  
All the triticale cultivars recorded an average mean of 6.12, 16.23 and 
29.45 grams with maximum record of 12.09, 27.18 and 45.89 grams in cultivar 
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En 140 at tillering, heading and milky grain stages respectively (Table 8). The 
lowest dry matter accumulation was recorded in En 127 at tillering and milky 
grain stages while in En 138 at heading stage. En 140 accumulated 20.78%, 
27.07% and 37.07% more dry matter than wheat check at three growth stages. 
While 97.55%, 67.47% and 55.82% higher than average mean. In comparison 
to wheat check, 7, 26 and 19 cultivars surpassed at tillering, heading and milky 
grain stages respectively. More or less 50% of triticale cultivars were found to 
accumulate higher dry matter than an average mean. At milky grain stage, the 
top twenty cultivars of triticale having higher dry matter were Ens 140, 33, 17, 
28, 196, 16, 29, 18, 197, 8, 153, 114, 30, 26, 15, 34, 181, 19, 21 and 106. 
4.1.7 Yield parameters 
Ear number plant* 
The average mean for all triticales was 5.34 with maximum and 
minimum value of 9.99 and 2.99 ears per plant respectively (Table 9). The 
highest number of ears was observed in En 140 which was 38.37%, 87.08% 
and 234.11%) higher than wheat check, average mean and minimum value of 
En 137 respectively. In comparison to wheat only ten cultivars (Ens 140, 65, 
33, 28, 18, 13, 19, 21, 8, 66) produced higher ears while rest remained lower. 
Wheat check occupied 10 position by sharing with Ens 15, 26 and 78 and was 
35.21% and 141.47% higher than an average mean and minimum value 
respectively. However, 93 triticale cultivars* recorded more ear production 
than the average mean. Among all triticale cultivars tested, the twenty top ear 
producing cultivars according to their rank were Ens 140, 65, 33, 28, 18, 13, 
19, 21, 8, 66, 26, 78, 15, 47, 16, 67, 130, 186, 131, 17 and 114. 
Ear weight plant* 
On an average, the ear weight per plant was 17.06g with the maximum 
and minimum record of 48.85 and 8.15g respectively (Table 9). En 140 gave 
the maximum ear weight and was 85.04%, 186.34% and 499.39% higher than 
the wheat check, average mean and minimum value of En 111. Eight cultivars 
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65 
of triticale (Ens 140, 33, 65, 28, 18, 13, 8, 186) surpassed the wheat check 
while rest 192 were found lagging behind it. Wheat check was 54.75% and 
223.93% higher than an average mean of triticales and lowest ear weight 
producing cultivar En 111. As compared to an average mean, 91 cultivars* 
produced more ear weight per plant. The top twenty cultivars of triticale in this 
characteristic as per their rank were Ens 140, 33, 65, 28, 18, 13, 8, 186, 66, 
130, 19, 29, 131, 78, 47, 46, 21, 108, 183 and 15. 
Length ear'^ 
The longest ears (17.59cm) were found in En 28 and shortest in En 157 
(11.17cm) with an average mean of all triticales 15.37cm. En 28 gave 24.66%, 
14.44% and 57.47% longer ears than wheat check, an average mean and 
En 157 respectively (Table 9). Wheat check was far behind in this parameter 
and occupied IST' place along with Ens 60, 70, 90, 92 and 171 and was 
lagging behind the average mean of triticales by 8.93%. 93 cultivars* were 
found to have longer ears than an average mean. The long ear bearing first 
twenty entries according to their length of ears were Ens 28, 176, 177, 140, 
190, 65, 79, 178, 126, 183, 128, 18, 64, 33, 123, 49, 169, 102, 21 and 125. 
Spikelet number ear'^ 
The average mean of all triticales for this parameter was 33.49 with 
maximum spikelet number of 40.11 in En 28 and minimum 25.00 in En 157 
(Table 9). En 28 produced 19.55%, 19.77% and 60.44% more spikelets in 
comparison to wheat, an average mean and En 157 respectively. In comparison 
to an average mean of triticales 117 cultivars produced higher number of 
spikelets per ear while 113** than wheat check. Four cultivars Ens 17, 44, 130 
and 85 gave same number of spikelets as that of wheat check. The top 20 
cultivars having higher number of spikelets per ear were Ens 28, 140, 33, 183, 
122, 174, 126, 48, 8, 79, 49, 69, 141, 56, 58, 62, 22, 5, 78 and 91. 
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Grain number ear* 
The average mean of all triticales was 65.13 with maximum and 
minimum values of 85.22 and 41.22 grains per ear. The highest number was 
given by En 140 which was 30.23%, 30.85% and 106.74% higher than the 
average mean, wheat check and En 157, which recorded the lowest grains 
among triticales (Table 9). 117 cultivars recorded higher grains than an average 
mean while 106 cultivars** surpassed the wheat check and four cultivars 
Ens 185, 72, 89 and 99 gave equal number of grains to that of wheat. Wheat 
check was found to exceed an average mean of triticales by a small margin of 
0.48% and by a higher margin of 58.76% than En 157. The top twenty higher 
grains per ear producing cultivars according to their decreasing order were 
Ens 140, 33, 65, 28, 18, 141, 34, 79, 177, 137, 27, 197, 151, 122, 174, 8, 47, 
178, 192 and 161. 
1,000 grain weight 
The maximum value 49.98g was given by En 140 while minimum value 
32.59g by En 113 with an average mean of 41.96g for all triticale cultivars. 
1,000 grain weight of En 140 was 3.37%, 19.11% and 53.36% higher than 
wheat check, average mean and En 113 respectively (Table 9). Only two 
cultivars En 140 and En 186 surpassed wheat check by small margin of 3.37% 
and 0.76% respectively while value of En 8 for this parameter was same as that 
of wheat check. Rest of the cultivars were lagging behind thus, wheat stood 
third in the ranking. The wheat check produced 15.23% and 48.36% higher 
1,000 grain weight than an average mean of triticales and minimum value 
respectively. In comparison to average mean, 93 cultivars* produced higher 
1,000 grain weight. The fnst twenty entries of triticale for this characteristic 
were Ens 140, 186, 8, 130, 33, 18, 65, 53, 13, 191, 159, 138, 160, 173, 103, 
187, 102, 116, 28 and 141. 
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Grain yield 
The average grain yield of all triticale cultivars was noted to be 
36.12q ha"' (Table 9) with better response from En 140 (54.95 q ha'*) and poor 
response from En 137 (22.14 q ha"'). En 140 yielded 16.91%, 52.13% and 
148.19% higher than the wheat check, an average mean and En 137 
respectively. Five cultivars Ens 140, 33, 28, 18 and 8 surpassed the wheat 
check while four Ens 65, 130, 186 and 13 just followed wheat. Rest were 
inferior to wheat check which was placed at 6* position and yielded 47.Oq ha"' 
giving 30.12% and 112.29% more than average mean and low yielding cultivai-
En 137. In comparison to an average mean of triticales, 104 cultivars* yielded 
more. The high yielding top twenty cultivars according to their grain yield were 
Ens 140, 33, 28, 8, 18, 65, 130, 186, 13, 47, 195, 197, 189, 108, 42, 114, 106, 
132, 34 and 134. 
4.1.8 Above ground biomass 
The average mean for all triticale cultivars was 132.08q ha"' with a 
maximum value of 172.50q ha"' and minimum of 79.23q ha'' (Table 9). En 140 
gave the highest value which was 15.02%, 30.60% and 117.72% higher than 
wheat check, average mean and minimum record of En 137. In comparison to 
wheat, 13 cultivars (Ens 140, 67, 65, 68, 108, 18, 33, 69, 131, 130, 8, 19, 186) 
produced higher above ground biomass, thus wheat ranked 14*'' in the list. 
Wheat check gave 13.54% and 89.28% higher value than an average mean and 
lowest value. However, 105 cultivars* surpassed an average mean. The top 
twenty high above ground biomass producing triticales were Ens 140, 67, 65, 
68, 108, 18, 33, 69, 131, 130, 8, 19, 186, 114, 13, 21, 28, 133, 189 and 196. 
4.1.9 Harvest index 
The average mean of all triticales was 27.37% with a maximum record 
of 31.93% (En 28) and minimum 20.68% (En 117). Wheat check recorded 
31.34% and was surpassed by only two cultivars En 28 and En 140. In 
68 
comparison to an average mean, 114 cultivars* gave higher harvest index 
(Table 9). 
4.1.10 Quality characteristics 
Grain nitrogen content 
The highest grain nitrogen content 2.36% was analysed from En 165 
whereas lowest in En 85 (1.80%) with an average mean of 2.16% for all 
triticale cultivars. Wheat check recorded 2.05% and was surpassed by most of 
cultivars. 90 cultivars were found to have higher grain nitrogen than the 
average mean (Table 9). 
Protein content 
The highest protein content 14.78% was recorded in En 165 whereas 
lowest in En 85 (11.25%) with an average mean for all triticale cultivars of 
13.48%.. En 165 gave 15.29%>, 9.64% and 31.38% more protein than wheat, an 
average mean and En 85 respectively. En 140 which stood first in most of the 
characters was found 3.86% lower than En 165, while 10.84% and 5.41% 
higher than wheat check and the average mean. Wheat check recorded only 
12.82% protein content, lagging behind an average mean by 5.15% and was 
surpassed by 174 cultivars of triticale** (Table 9). 90 cultivars were found to 
have higher protein than the average mean. The top twenty cultivars for this 
character were Ens 165, 82, 186, HI, 153, 65, 28, 152, 45, 95, 173, 63, 96, 
182, 127, 140, 112, 141, 55, 99 and 190. 
Protein yield 
The average mean of all cultivars of triticale was recorded 4.87q ha"' 
with highest value of 7.81 and lowest 2.94q ha''. The highest protein yield was 
recorded in En 140 and was 29.73%, 60.37%. and 165.65%. higher than wheat 
check, average mean and lowest protein yielding En 137 (Table 9). In 
comparison to wheat, 9 cultivars (Ens 140, 33, 28, 186, 65, 130, 18, 8, 13) 
surpassed while rest remained behind it. Wheat ranked at 10* position giving 
23.61% and 104.76% higher protein yield than average mean of triticales and 
69 
En 137 respectively. The protein yield of 108 cultivars* was higher than the 
average mean of triticales. The top twenty high protein yielding entries 
according to their rank were Ens 140, 33, 28, 186, 65, 130, 18, 8, 13, 67, 78, 
47, 34, 131, 145, 17, 29, 105, 195 and 197. 
4.2 Experiment II 
Most of the data were found to be significant and briefly explained in 
the following pages. 
4.2.1 Lodging percentage 
Fertilizer application was responsible for the lodging of plants when 
compared to control. Highest lodging was recorded in treatment N200 
(Table 10). It may be pointed out that N150 which proved optimum in most of 
the characteristics was also found to cause some lodging. Lodging percentage 
of all nine triticale cultivars when compared to lodging scale (0-9), was found 
to fall under resistant category. Among triticales En 186 proved most resistant 
while En 33 and En 140 were the least. On comparing with wheat check all 
triticales were comparatively lodging susceptible. Lowest lodging was noted in 
control X cultivar combinations. Maximum lodging was recorded in N200 ^ 
En 33, N200 ^ En 140, N150 ^ En 33 whereas, zero lodging was observed in 
wheat check, En 130 and En 186 in control and in Nioo ^ wheat, Nioo ^ En 186 
combinations. Interaction of treatments N150 and N200 with all cultivars (except 
En 140) proved statistically equal in lodging while three cultivars En 13, En 18 
and En 130 were even at par when compared between Nioo and N200 doses. 
4.2.2 Days to heading 
The treatments significantly increased the days to heading over control 
(Table 11). Thus, N200 was found to cause lateness in heading by 2.60 days than 
control, whereas, N150 and Nioo were statistically at par but higher than control. 
Wheat headed earlier while En 186 (being at par with Ens 8, 13, 33) was 
recorded to take more days for heading. Among triticales. En 65 competed with 
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wheat and was only three days later, while En 186 took 12.25 days more than 
wheat. Interaction effect of treatment and cultivar was non-significant. 
4.2.3 Days to maturity 
The effect of treatments was not pronounced. N200 and N150 were found 
to take significantly more days to mature than control, whereas Nioo was at par 
with control and N150 (Table 12). Cultivar En 186 took 16 days more than 
wheat check while En 65 competed well by recording at par values with wheat. 
It may be mentioned that En 65, which was late by 2 days in heading recorded 
at par values with wheat in maturity. Similarly, En 8 and En 13 which recorded 
at par values with En 186 in days to heading, matured earlier 8 and 7 days 
respectively than En 186. On the other hand. En 28 and En 130, which headed 
earlier, reached at maturity with En 186 by recording at par values. The 
interaction effect for most of the cultivars was not clearly pronounced. 
However, N200 in cultivars Ens 8, 33 and 130 was significantly different from 
their control and recorded at par values with Nioo and N150. Wheat and En 65 in 
all N regimes recorded lower values when compared with other nitrogen x 
cultivar combinations. 
4.2.4 Growth parameters 
Shoot length plant"^  
Application of nitrogen fertilizer doses significantly enhanced the shoot 
lengtii over unfertilised control (Table 13). A defmite trend was observed as 
Nj5o and N200 were equally effective at three stages of growth followed by Nioo 
which was critically different. Among the cultivars, tallest plants were recorded 
in En 33 at all growth stages and the values differed critically from other 
cultivars and wheat check. The short statured plants were noted in En 13 at 
tillering (being at par with En 8, wheat and En 130) and in En 130 at heading 
and milky grain stages. In comparison to wheat check, four cultivars (Ens 13, 
8, 130 and 18) produced plants of the same height, while rest of the cultivars 
produced taller plants than check at tillering. At heading, four cultivars 
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(Ens 130, 18, 186 and 13) produced plants which were shorter than wheat 
check while remaining cultivars produced taller plants (En 8 being at par with 
wheat). At milky grain, only two cultivars Ens 130 and 18 were shorter than 
wheat, while Ens 186 and 28 were at par with wheat, remaining cultivars were 
found taller. Maximum values for shoot length was noted in N200 >< En 33 and 
the value was equal to that of N150 x En 33 at all growth stages while shortest 
plants were recorded in control (No) of En 130, at all stages. At individual 
level, treatments N200 and N150 interacted positively widi cultivars at all growth 
stages and resulted in production of plants with higher shoot length. Most of 
the combinations of N150 and N200 were found to be more or less equal in most 
of the cultivars while different than Nioo ^ cultivar. It may be noted that shoot 
length increase was more between tillering and heading when compared 
between heading to milky grain stages in all the treatments as well as cultivars. 
Tiller number plant"' 
Nitrogen significantly enhanced tiller production at three stages of 
growth (Table 14). N200 produced the maximum tillers at tillering stage while at 
heading and milky grain stages optimum effect was given by N150 by recording 
at par values with Njoo- An increase of 83.14%, 102.33% and 110.90% by N150 
over control at three stages was observed. En 140 gave the maximum number 
of tillers followed by En 33 throughout the growth peripd and the values 
differed critically with other cultivars including wheat check, except at heading 
stage where En 140 and En 33 recorded at par values. En 140 produced 
36.44%, 37.83% and 41.41% more tillers than wheat check at tillering, heading 
and milky grain growth stages respectively. At tillering and heading, five 
cultivars surpassed wheat check while seven at milky grain stage. Maximum 
tillers were given by N200 ^ En 140, being at par with N150 x En 33 at tillering 
stage while at heading and milky grain N150 x En 140 recorded optimum values 
and was at par with N2P0 >< En 140 at both stages and also with N150 x En 33, 
N200 X En 33 and N200 ^ En 28 at heading stage. 
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Leaf number plant'* 
Application of nitrogen fertilizer significantly increased the number of 
leaves when compared to control (Table 15). Optimum treatment proved Niso 
as it recorded equal number of leaves at tillering and heading stages when 
compared to N200, however, at milky grain stage the latter treatment recorded 
the maximum value. The values of N150 were 71.92%, 76.51% and 79.76% 
higher than control at three stages of sampling. Maximum leaves were recorded 
in cultivar En 140 at all the growth stages and values differed critically from 
other cultivars and wheat check. The increase over wheat check by top cultivar 
En 140 was noted upto 72.86%, 62.92% and 88.47% at tillering, heading and 
milky grain stages respectively. All the cultivars of triticale except En 186 
surpassed the wheat check at all the stages of growth. It was found that number 
of leaves in all cultivars increased upto heading stage, whereas at milky grain 
stage, decrease was observed. N150 =< En 140 produced maximum leaves per 
plant at tillering, but recorded at par values with N200 ^ En 140. At heading and 
milky grain stages, N200 ^ En 140 proved superior and the values were 
critically different from other interactions. 
Fresh weight plant"* 
Application of nitrogen doses significantly increased the fresh weight 
over control (Table 16). N200 recorded maximum value at tillering and heading 
while at milky grain N150 proved optimum by recording at par value with N2oo-
Among cultivars. En 140 recorded the maximum firesh weight followed by 
En 33 through the growth period whereas the minimum values were recorded 
in En 8 at tillering and En 130 at heading and milky grain stages. En 140 gave 
31.29%, 21.73% and 31.77% more fresh weight than wheat at tillering, heading 
and milky grain stages. At tillering N200 >< En 140 recorded the maximum value 
whereas at heading and milky grain stages N150 ^ En 140 and N200 ^ En 140, 
being at par, recorded the higher values than other treatment x cultivar 
interaction. Most of cultivars gave equal response to N150 and N200, thus N150 
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proved optimum and N200 wasteful whereas Nioo proved inadequate when 
compared to N150. 
Dry weight plant"' 
N200 proved more effective at tillering and heading stages while at milky 
grain stage, N150 proved best and recorded 86.17% more dry weight than NQ. It 
may be therefore, noted that the effect of this dose on dry matter was more 
pronounced at milky grain stage than at tillering and heading stages (Table 17). 
En 140 proved best at all the stages and it produced 46.49%, 36.80% and 
37.44% higher dry matter than wheat check and 67.02%, 73.35% and 79.40% 
higher over minimum value of En 130 at tillering, heading and milky grain 
stages respectively. At tillering, four cultivars Ens 140, 33, 65, 28 surpassed 
wheat whereas at heading and milky grain stages, only two cultivars En 140 
and En 33 surpassed it. At all stages, N150 and N200 gave more or less equal 
values with most of the cultivars. However, interactions of Nioo were critically 
different from rest of the interactions. N150 x En 140 and N200 ^ En 140 
recorded the highest values being at par at tillering, heading and milky grain 
stages. 
Crop growth rate 
Nitrogen significantly increased the crop growth rate when compared to 
control (Table 18). All the values were critically different from one another. 
The maximum value was given by N150 and it recorded 63.14% and 66.29% 
higher than control at tillering-heading and heading-milky grain stages 
respectively. It may be mentioned that N200 proved deleterious for this 
characteristic. Among the cultivars. En 140 gave the maximum value whereas 
minimum value was recorded in En 130. En 140 recorded 28.46% and 38.33% 
higher than wheat check while 79.58% and 88.86%) higher than En 130 at 
tillering-heading and heading - milky grain stages respectively. At both stages. 
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wheat check exhibited 3"^ place, being surpassed by En 140 and En 33. 
Regarding interactions, maximum value at tillering-heading was recorded in 
Ni5o X En 140. It was followed by N200 ^ En 33, N200 ^ En 140, N,5o x En 33 
and Nioo x En 140, and the values were found at par with each other. At 
heading-milky grain stage, N150 x En 140 proved optimum as the value was at 
par with N200 x En 140. Interaction of N150 x cultivar proved optimum more or 
less for all cultivars whereas N200 x cultivar as wasteful. Interaction of N100 x 
cultivar appeared as deficient. 
4.2.5 LeafN,P and K 
Leaf nitrogen 
Generally, an increase in leaf nitrogen content was noted at each stage 
with increasing nitrogen application over control (Table 19). The maximum 
value was recorded in N200 at tillering and heading stages and it differed 
critically from other treatments. However, at milky grain stage, N150 was found 
to be optimum as it was at par with N2oo- cultivar En 186 gave the maximum 
value and differed critically from rest of the cultivars including wheat check. 
The poorest performance was noted in En 65 at the three stages being at par 
with En 13 at tillering and milky grain stages while with wheat at heading 
stage. In comparison to wheat check, four triticales surpassed at tillering, eight 
at heading while five at milky grain stage. Ens 13, 28 and 140 showed optimum 
response in N150 whereas, rest of the cultivars responded more to N200 at 
tillering. However, at heading. Ens 8, 28, 130 and wheat performed 
comparatively higher in N150 whereas rest of the cultivars to N2oo- While at 
milky grain stage, more or less equal response to N150 and N200 was observed. 
Thus, Ni5o which performed comparatively lower for higher number of 
cultivars at tillering and heading, however, proved optimum for all cultivars 
except En 186 at milky grain stage. This clearly indicated the cultivar 
difference in their nitrogen uptake as some of the cultivars recorded more 
nitrogen at early stage of growth due to higher dose. However, it was not 
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maintained upto the last stage as noted at milky grain stage where N150 proved 
more effective as compared to Naoo- Nitrogen content in leaves decreased with 
increase in growth in fertilizer treatments as well as in cultivars. 
Leaf phosphorus 
Fertilizer application significantly increased the leaf phosphorus content 
over control at tillering only however, treatment effect could not be maintained 
at later stages (Table 20). The enhancement was found 1.24% in N150 over 
control. En 140 proved best at all the growth stages, showing variation with 
earlier observation in nitrogen content where En 186 remained at top. The 
value differed critically from other cultivars and wheat check, however, at 
heading stage, it was at par with En 130. The lowest values were recorded in 
En 8 at tillering. En 65 at heading and En 18 at milky grain stage. Wheat check 
occupied 4"" place together with En 28 and En 18 at tillering, 5*** place together 
with En 8 at heading and last place with En 18 at milky grain stage. As far as 
interaction was concerned, cultivar differences may be observed clearly as No x 
En 140, Nioo ^ En 140, N150 x En 140 and N200 ^ En 140 recorded higher 
phosphorus content when compared to most other cultivars in respective 
fertilizer treatments. Phosphorus content decreased with the increase in growth 
in both treatments as well as cultivars. 
Leaf potassium 
Fertilizer application significantly enhanced the leaf potassium content 
at all the stages (Table 21). N150 gave the optimum values and was found at par 
with N200 at all growth stages while with Nioo at milky grain stage. En 140 
showed better performance in K uptake in comparison to other cultivars and 
wheat check. At tillering, lowest potassium was found in the leaves of En 33 
being at par with Ens 65, 186 and 8. However, at heading and milky grain 
stages En 65 being at par with En 186 recorded the minimum values. At 
heading stage, most of the cultivars were found at par and does not show any 
significant difference. However, at milky grain stage difference was 
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comparatively more distinct. Wheat occupied 4* , 2"'' and 4"* position at three 
stages of growth respectively. As far as interaction effect was concerned, the 
cultivar response to nitrogen was found to be more or less same except for 
En 28, where N150 proved optimum and was significantly higher than Njoo but 
at par with N2oo- Among all treatment x cultivar combinations, interactions of 
En 140 with N]5o and N200 (at par with Nioo) gave higher values than other 
interactions, whereas No ^ En 8, at par with other interactions of lower values, 
recorded lowest value. Potassium content also decreased like nitrogen and 
phosphorus with the increase of growth. Potassium was maximum among the 
three nutrients followed by nitrogen and phosphorus. 
4.2.6 Leaf nitrate reductase activity (NRA) 
Nitrogen treatments significantly increased the NRA over control at all 
the stages (Table 22). Linear increase upto N200 was observed at tillering while 
upto Ni5o at heading and milky grain stages. Thus, N150 proved optimum and it 
recorded 26.20% and 13.68% higher NRA than control. En 186 proved best as 
it differed critically from other cultivars as well as the wheat check at three 
stages studied. On the other hand, the lowest values were recorded in En 65 at 
all stages. However, at milky grain stage, it was at par with En 13 and wheat 
check. En 186 recorded 13.56%, 11.48% and 19.46%o higher NRA than wheat 
while 29.03%, 26.47% and 21.10% higher than En 65 at tillering, heading and 
milky grain stages respectively. In comparison to wheat check. Ens 186, 140, 
130 and 33 surpassed at tillering and heading while at milky grain stage, five 
cultivars (Ens 186, 140, 130, 33 and 18) were significantly higher. Interaction 
of Ni5o and N200 gave almost equal effect with all cultivars at three growth 
stages except for En 186 and En 33 at tillering stage where N200 gave 
significantly higher values. Thus, on an average N150 x cultivar combinations 
proved almost optimum for higher nitrate reductase activity. NRA decreased 
with increase in age and it was minimum at milky grain stage. 
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4.2.7 Net photosynthetic rate 
All the treatments significantly increased "the leaf photosynthetic rate 
over control at all the stages of growth (Table 23). A definite trend was found 
from tillering to milky grain stage. Niso proved optimum for higher 
photosynthesis and was 25.28%, 26.45% and 20.84% higher than control. It 
may be noted that at tillering, N150 was critically higher than other treatments 
while at heading and milky grain stages, it was at par with N2oo- En 140 
recorded the maximum leaf photosynthesis at all growth stages and differed 
critically from other cultivars and wheat check. The lowest value was recorded 
in En 13 at tillering and heading, being at par with other cultivars of lower 
vakies while in En 130 at milky grain stage, the value was statistically equal to 
that of En 13 and 65. In comparison to wheat check, only En 140 surpassed at 
tillering and heading. Whereas at milky grain stage. Ens 140 and 33 proved 
superior to it. Maximum leaf photosynthesis was recorded in N150 x En 140 
(being at par with other interactions of higher values) at all growth stages. 
However, lower value was recorded in No ^ En 65 (at par with other 
interactions of lower values) at tillering and heading while at milky grain No ^ 
En 13 (at par with other interactions of lower values in control) recorded 
minimum leaf photosynthetic rate. It may be pointed out that N150 and N200 
gave more or less at par effect with all cultivars at three stages of growth. Thus 
N|5(i ^ cultivar proved optimum at the expense of N200 ^ cultivar while 
combinations of Nioo x cultivar may be treated as deficient. Net photosynthetic 
rate was found to increase upto heading followed by decline at milky grain 
stage. 
4.2.8 Yield parameters 
Ear number plant' 
Nitrogen treatments significantly enhanced the ear number over control, 
and the values were critically different with one another (Table 24). Maximum 
effect was found at Njso which produced 101.34% more ears than No. N200 
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proved deleterious. Cultivar En 140 gave the maximum ears and the value 
differed critically with other cultivars and wheat check. The lowest values were 
recorded in Ens 130, 186 and 13 as the three were at par. Three cultivars 
Ens 140, 33 and 28 suipassed the wheat check while Ens 13, 186 and 130 
remained behind it in ear production. However, rest of the triticales were found 
statistically equal to that of wheat check. N150 x En 140 was at par with Njso x 
En 33 and N200 ^ En 140 indicating luxury consumption by En 140 and toxic 
effect of N200 in En 33. While Nioo proved deficient for all cultivars except 
En 186 and N200 was luxury for all cultivars except En 33. 
Ear weight plant' 
All the treatments significantly enhanced the ear weight over control 
(Table 25). The maximum effect was given by N150 which recorded 144.38% 
higher ear weight than control. N200 proved excessive, while Nioo deficient. 
Maximum ear weight was produced by En 140 followed by En 33 and the 
values differed critically from each other and with other cultivars including 
wheat check. It may be pointed out that five cultivars Ens 140, 33, 28, 65 and 8 
suipassed wheat check. Two cultivars En 18 and En 130 were at par, and 
En 186 and En 13 were noted inferior to it. Njso x En 140 proved best and the 
value differed significantly from rest of the interactions. All treatment x 
cultivar interactions were found superior over control and the best response 
was observed mostly in N150 x cultivar interaction, thus proved optimum. 
Length ear ' 
Nitrogen treatments significantly increased length per ear when 
compared to control (Table 26). N150, which was equal to N200, proved 
optimum and recorded 23.13% higher value than control. Longest ears were 
found in En 28 which were at par with En 140 and En 33. Rest of the cultivars 
were equal in one way or the other. The lowest value was noted in wheat check 
which was at par with En 186 and En 130. Interaction of Niso x En 28 gave the 
optimum value for ear length and was found at par with other interactions of 
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higher values. In comparison to nitrogen x wheat interactions, seven cuhivars 
of triticale Ens 28, 140, 65, 33, 18, 13 and 8 gave significantly longer ears in all 
nitrogen treatments, except for N150 x En 13, which was at par with N]5o x 
wheat. 
Spikelet number ear" 
All the treatments gave significantly higher spikelets than control 
(Table 27). N150 being at par with N200 proved optimum and gave 15.33% more 
spikelets per ear than control. Like other parameters Nioo appeared deficient. 
All the triticale cultivars surpassed wheat check except En 130 which was at 
par. En 28 gave the highest number of spikelets per ear, recording 20.53% 
more than wheat. In comparison to nitrogen x wheat interactions, all nitrogen x 
triticale, except for En 186 and En 130 interactions gave significantly higher 
values. In general, all cultivars responded better to N150 as compared to 
inadequate Nioo but gave almost at par values with N200 showing luxury 
consumption of nitrogen. 
Grain number ear'' 
The nitrogen doses significantly increased grain number over control. 
Optimum effect was observed at N150 being at par with N200 and recorded 
22.48% higher grains than No (Table 28). Cultivars En 140 and En 33 proved 
best and were critically different than others and wheat check. Lowest number 
of grians was recorded in En 186. En 140 and En 33 gave 31.43% higher grains 
than wheat check. Eight cultivars surpassed wheat check whereas En 186 
proved inferior. N150 ^ En 140 recorded the highest grains per ear and the value 
differed critically from all other interactions, whereas lowest values were 
recorded in No x En 186 and No x wheat. 
1,000 grain weight 
All the treatments gave significantly higher 1,000 grain weight over 
control (Table 29). Maximum value was recorded in N150 which differed with 
other treatments, and was 5.59% more than control. However, N200 and Nioo 
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were statistically equal indicating deleterious effect of the former. En 140, 
En 186 and wheat gave the maximum 1,000 grain weight, while the lowest 
values were recorded in En 28 and En 13. Cultivar 140 gave 3.46% and 
13.74% higher value than wheat and En 28 respectively. In comparison to 
wheat, only one cultivar, En 140 surpassed whereas Ens 65, 18, 13 and 28 were 
inferior. Wheat occupied 2"*^  place and shared that with Ens 186, 8, 130 and 33. 
Interaction effect was non-significant. 
Grain yield 
Nitrogen significantly increased the grain yield when compared to 
unfertilised control (Table 30). All the values were critically different. The 
maximum effect was observed at N150 which yielded 70.78% higher than 
control. Effect of N200 was lower than N150 thus, proved deleterious while Nioo 
was deficient as it also recorded lower value than N150. Highest grain yield was 
recorded in En 140 followed by En 33 whereas minimum values were recorded 
in Ens 130, 186 and 13. Cultivar En 140 yielded 11.89% and 20.24% higher 
than wheat check and En 186 respectively. Two cultivars En 140 and En 33 out 
yielded wheat check whereas En 28 and En 8 were at par and rest of the 
cultivars were found inferior to it. Among all interactions, N150 x En 140 gave 
the highest value, whereas No x En 13 recorded the lowest together with 
Ens 186, 130, 65 and 18 in control. Moreover, Nioo ^ En 140 was noted equal 
in its effect with Nioo ^ En 33 and all other N150 x cultivar and N200 ^ cultivar 
interactions except for N150 >• En 33, N200 ^ En 33, En 150 x En 140 and N200 ^ 
En 140. For each individual cultivar, N150 proved optimum for higher grain 
yield and N200 as luxury except for En 140, where it proved toxic. 
4.2.9 Above ground biomass 
Fertilizer treatments significantly enhanced above ground biomass over 
unfertilised control and the values were significantly different from each other 
(Table 31). N200 gave the maximum value, 68.26% higher than control. It may 
be mentioned that N150 which was observed in previous parameters optimum, 
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was lagging behind N200 by 2.29%. The maximum above ground biomass was 
recorded in En 33 and En 140 while minimum in En 186. Cultivar En 33 gave 
12.61% and 18.29% higher values than wheat check and En 186. Contrary to 
grain yield, six cultivars Ens 33, 140, 28, 65, 18 and 8 produced higher above 
ground biomass than wheat check. En 13 was at par to it. En 186 and En 130 
remained inferior to wheat. N150 x En 140, N200 ^ En 140, N150 ^ En33, N200 ^  
En 33 recorded maximum values and the lowest above ground biomass was 
recorded in No x En 186 and No x En 130, which were at par. Cultivar response 
at individual level to the treatments N150 and N200 was statistically equal except 
for En 65 and wheat, where N200 gave higher values. 
4.2.10 Harvest index 
The effect of nitiogen treatments was found significant (Table 32). An 
increase of 3.88% by N150 over control was observed. Cultivar differences were 
not pronounced as maximum values were recorded in En 140, wheat, En 186 
and En 8. It may be noted that wheat check, which was surpassed significantly 
by various triticale cultivars in most of growth, yield and quality 
characteristics, competed well in this parameter and was just 0.61% higher than 
En 140, the top most triticale cultivar observed in experiment I and present one. 
4.2.11 Quality characteristics 
Grain nitrogen content 
Significant increase in grain nitrogen content was observed due to 
application of nitrogen over contiol and all the values were critically different 
from one another (Table 33). Highest value was recorded for N200, 14.56% 
higher than control while N150 was recorded 12.62% more. All cultivars of 
tiiticale significantly surpassed wheat check which was recorded to accumulate 
the lowest nitrogen in its grains. Among triticales. En 186 gave maximum 
value (16.43% higher than wheat) while En 8 at par with En 13, gave the 
minimum, still found 1.93% higher than wheat check. It may be pointed out 
that En 140, which proved best in most of the yield characteristics, occupied 2"^ * 
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place with En 130 in this characteristic and was found 12.56% higher than 
wheat check. Regarding interaction effects, most of the triticale cultivars 
responded more to nitrogen doses and accumulated more nitrogen in their 
grains when compared to wheat x nitrogen interactions. Among tiiticale x 
nitrogen interactions, Ens 186, 140 and 130 were observed high responding 
cultivars, whereas En 8 and 13 poor ones. Of all interactions, N150 x En 186, at 
par with N200 ^ En 186, recorded optimum value whereas, No x wheat. No x 
En 8 and No x En 13, the minimum. Among the treatment effect on cultivars, 
Ni3o proved optimum for higher grain nitrogen accumulation as it gave 
significantly higher values than No and Nioo whereas more or less at par with 
the value obtained by N200 except for the cultivars En 8 and En 28. 
Protein content 
The protein content was found to increase linearly as the nitrogen doses 
increased from No to N200 (Table 34). Thus, the highest effect was given by 
N200, 14.42% higher than control. However, the effect of N150 Gust 1.86% 
lower than N200) was close to the N2oo- All the triticales surpassed wheat check. 
En 186 recorded significantly the highest value, while En 8 (at par with En 13) 
the lowest and were 16.11% and 1.70% higher than wheat check. En 140 was 
found to contain 12.25% higher protein than wheat and stood next to En 186 
along with En 130. The higher protein content in the seeds of triticale than 
wheat check proved their higher nutiitive value. Among interaction effects. 
En 186 gave almost higher values in most of fertilizer treatments with a 
maximum response in N2oo- It was followed by En 130 and En 140. However, 
poor response was observed in wheat check. En 8 and En 13 in all fertilizers 
doses. N200 X En 186 recorded the maximum value and was statistically at par 
with Ni5o X En 186. Moreover, Njoo x En 186 recorded higher protein content 
as compared to N200 ^ En 8, N200 ^ En 13, N200 ^ wheat, Nioo ^ En 18, Nioo ^ 
En 28, Ni5o x En 28, Nioo ^ En 33, Nioo ^ En 65, N150 x En 65 and was also 
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found equal in its effect that of N200 ^ En 18, N200 ^ En 28, N150 x En 33, N200 
X En 33, N200 >< En 65, Nioo ^ En 130, N150 x En 130 and N150 x En 140. 
Protein yield 
Optimum protein yield was found in N150 and recorded at par value with 
N200 (Table 35). The minimum value was produced in control (No) and increase 
of 92.14% over this value was observed in optimum treatment. En 140 gave the 
highest value and was critically different from other cultivars and wheat check. 
The protein yield in En 140 was 25.72% and 30.90% higher than wheat check 
and minimum of En 13. Seven cultivars (Ens 140, 33, 186, 28, 130, 18, 65) out 
yielded wheat in protein yield whereas En 13 was inferior. Cultivar En 8 was 
noted at par with wheat check. Maximum protein yield was recorded in N150 x 
En 140 being at par with N200 ^ Ens 140 and the value was critically higher 
than all other interactions. The lowest protein yield was noted in No x En 13. It 
may be noted that N200 x cultivar combination for all cultivars proved wasteful. 
Lysine content 
Nitrogen also increased the lysine content over control (Table 36). 
Application of N^o proved optimum as it gave at par value to N2oo- The lysine 
content in optimum treatment was found 2.03% higher than unfertilised 
control. All the triticale cultivars surpassed wheat check, which gave the lowest 
value. En 140 gave the maximum value, 35.21% higher than wheat check while 
En 65 (at par with En 18), the minimum, but was found 20.07% still higher 
than wheat. The higher concentration of lysine (an essential amino acid) in the 
protein of triticale as compared to wheat, also confirmed the high nutritional 
value of triticale. No x En 140, Nioo x En 140, N150 x En 140 and N200 ^ En 140 
was recorded to have higher lysine content, when compared to other cultivars 
in respective nitrogen treatments. 
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Lysine yield 
Ni5o recorded optimum value and was at par with N200 (Table 37). The 
range of increase over control was noted from 62.25% for Njoo to 96.24% for 
Ni5o. En 140 gave the highest lysine yield and the value differed critically with 
that of other cultivars and wheat check. Performance of En 33 was next to 
En 140, whereas, poorest performance was shown by wheat check. N150 x 
En 140, being at par with N200 ^ En 140 recorded the maximum value while No 
X wheat the lowest. At individual level, N150 and N200 recorded at par values 
indicating the optimum effect of former while wasteful application of latter. 
Carbohydrate content 
Application of N150 proved optimum and an increase of 2.12% was 
noted over control (Table 38). En 33 (at par with En 13) gave the highest value 
for carbohydrate content while En 65 (at par with En 130) recorded the lowest. 
Only two cultivars En 33 and 13 surpassed wheat check and were 1.74% and 
1.49% higher respectively. En 140 gave the same value as that of wheat check, 
whereas rest of the six cultivars were found inferior. Interaction effect was not 
pronounced, however, optimum value was noted in N150 ^ En 33, but was 
found at par with other interactions of same values like N200 ^ En 33, N150 x 
En 13, N200 X En 13, etc. Whereas, the lowest values was recorded in No ^ 
En 65 and No x En 28. 
Carbohydrate yield 
The fertilizer treatments significantly enhanced carbohydrate yield over 
unfertilised control and all the values were critically different from each other 
(Table 39). N150 proved best and gave 74.56% higher carbohydrate yield over 
control. The effect of N200 was deleterious. En 140 and En 33 were at par but 
higher than wheat check and rest of the cultivars. The lowest carbohydrate 
yield was noted in En 130 and En 186. Most of triticale cultivars were 
below wheat check, which occupied 2"^ * place with En 8 after being 
surpassed by En 140 (11.29% higher) and En 33 (8.78% higher). Interestingly, 
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Nioo ^ En 140 (at par with N|oo >< En 33) responded differently as its value was 
found equal to higher nitrogen treatments N150 and N200 of other cultivars and 
wheat check. In general, optimum response of each cultivar was observed at 
Ni5o, while deficient at Nioo- N200 was found wasteful. 
4.3 Experiment III 
Only the significant data are briefly described in the following pages. 
4.3.1 Lodging percentage 
Lodging percentage of all triticale cultivars, when compared to original 
lodging scale (0 - 9), was noted to be resistant (Table 40). Ens 130, 13 and 186 
were highly resistant among cultivars. On comparing with wheat check, 
tiiticale cultivars recorded comparatively more lodging. 
4.3.2 Days to heading 
Phosphorus application significantly brought early heading as compared 
to control (Table 41). However, phosphorus doses when compared to each 
other, gave equal effect. Among the cultivars, wheat check headed early 
followed by En 65, whereas. En 186 recorded late heading. Rest of the cultivars 
were more or less at par with each other. 
4.3.3 Days to maturity 
Cultivar En 186 being at par with En 130 took maximum days for 
maturation while wheat check which recorded at par value with En 65, the least 
(Table 42). Rest of the cultivars were more or less at par with each other in one 
way or the other. En 186 and En 130 matured late by about 14 days than wheat 
check and 11 and 10 days than triticale cultivar En 65. 
4.3.4 Growth parameters 
Shoot length planf' 
Phosphorus doses significantly increased the shoot length over control at 
all the stages of growth (Table 43). At tillering, the values of phosphorus 
treatments were at par when compared to each other, however, at heading and 
milky grain stages, the optimum effect was given by Peo, being at par with P90. 
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En 33 gave taller plants at all the stages of growth except at milky grain stage 
where it recorded at par value with En 140. Shorter plants were noted in En 18 
at tillering and in En 113 at heading and milky grain stages. In comparison to 
wheat check, seven cultivars at tillering, six at heading and five at milky grain 
stage gave taller plants. It may be pointed out that, at milky grain stage, which 
recorded maximum shoot length, three cultivars Ens 28, 186 and 18 produced 
plants of equal length to that of wheat whereas. En 130 produced significantly 
shorter plants. 
Tiller number plant" 
Treatment Peo which was statistically equal in its effect to P90, recorded 
optimum tiller production and gave 29.01%, 31.01% and 25.76% more tiller 
than control, at tillering, heading and milky grain growth stages respectively 
(Table 44). While P.^ o gave higher number of tillers than control but proved 
inadequate and P90 proved wasteful due to luxury consumption. En 140 
produced maximum tillers than other cultivars followed by En 33 at all the 
growth stages, whereas, lower tiller production was noted in En 28 at tillering. 
En 28, En 8 and wheat at heading and En 130, En 28 at milky grain stage. The 
other cultivars recorded more or less at par values with one another in one way 
or other. Wheat was inferior to 2 cultivars at tillering, 4 at heading and 2 at 
milky grain stage. Treatment x cultivar gave almost higher tiller production at 
all the stages of growth than Po x cultivar interaction. P60 ^ En 140, which gave 
equal tiller production to that of P90 ^ En 140, recorded maximum values than 
other treatment x cultivar interactions at all growth stages studied. Whereas, 
lower tiller production was found in Po x 28, being at par with some other 
combinations. Tiller production increased upto heading stage followed by 
decline towards maturity. 
Leaf number plant* 
At all the growth stages studied, leaf number increased with application 
of phosphorus doses as compared to control. P90 produced maximum number of 
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leaves at tillering and milky grain growth stages (Table 45). All the values 
differ significantly from one another. However, at heading Peo, being at par 
with P90, proved optimum and gave 29.19% more leaves than control. En 140 
gave the maximum number of leaves at three stage of growth and differed from 
other cultivars and wheat check, whereas. En 186 recorded the minimum 
values. On comparing with wheat check, six triticales gave more leaves at 
tillering, whereas eight at heading and milky grain growth stages. Treatment x 
En 140 gave maximum leaf number than other treatment x cultivar interactions 
at all the growth stages and recorded optimum number in Peo ^ En 140 
combination whereas, PQ X En 186 gave comparatively lowest value. Leaf 
number in all cultivars under all treatments increased upto heading stage 
followed by decline towards maturity. 
Fresh weight plant"' 
Phosphorus doses significantly enhanced the fresh weight at all the 
stages of growth (Table 46). A definite increasing trend may be observed. P90 
recorded maximum values at all the growth stages except at heading where Pgo 
gave equal effect. En 140 gave the maximum response at three growth stages 
followed by En 33, whereas. En 18 and 8 gave the minimum values at tillering 
and heading. At milky grain En 18 and 65 recorded lower values. En 140 and 
33 at tillering and milky grain stages while Ens 140, 33, 28 and 186 at heading 
stage gave more values when compared to wheat check. En 140 gave 21.70%, 
37.03% and 18.56% more fresh weight than wheat at tillering, heading and 
milky grain stages respectively. All treatment x cultivar combinations gave 
significantly higher values than control x cultivar combinations at all the 
growth stages. P90 and Peo gave almost statistically equal values with all 
cultivars and P30 gave almost lower values. Among all interaction, Peo ^ 
En 140, being at par with P90 x En 140 gave maximum values whereas PQ X En 
18, at par with other combinations of lower values gave minimum values at all 
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the three growth stages studied. It may be noted that accumulation of fresh 
weight was increased as growth increased in treatments as well as in cultivars. 
Dry weight plant* 
Phosphorus treatments significantly increased the dry matter and P6o 
being at par with P90 proved optimum at tillering and heading whereas, P90 
proved best at milky grain stage (Table 47). Peo gave 31.01%, 30.45% and 
26.96% more dry weight than control at tillering, heading and milky grain 
stages respectively. En 140 recorded maximum dry matter accumulation and it 
differed critically from other cultivars including the wheat check. It was 
followed by En 33, which also recorded significantly higher values than other 
cultivars at three growth stages. At tillering. En 140 and En 33 surpassed wheat 
check while at heading and milky grain stages three triticale cultivars Ens 140, 
33 and 28 gave more values than wheat. En 140 accumulated 26.65%, 42.18% 
and 34.79% more dry matter than wheat check and 44.68%, 60.23%o and 
57.06% more than En 130, 18 and 65 at tillering, heading and milky grain 
stages respectively. Regarding interaction effect, Pgo and P90 recorded more or 
less equal values with most of cultivars at all growth stages whereas, P30 >^ 
cultivar combination proved mostly inadequate. Dry matter accumulation 
increased in treatments and cultivars as the growth increased with higher 
accumulation from heading to milky grain stage. 
Crop growth rate 
All the phosphorus doses significantly increased the crop growth rate 
over control at tillering-heading and heading-milky grain stages (Table 48). 
The optimum effect was noted at Peo, being equal to P90, and it recorded an 
increase of 30.05% and 21.41% than control, at two stages. Effect of P30 was 
observed inadequate whereas, P90 proved wasteful. En 140 gave maximum 
values at both the stages and differed significantly from other triticales and 
wheat check. Whereas, Ens 18, 130, 13 and 8, which were at par to each other, 
recorded lower values at tillering-heading growth stage while En 65 at 
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heading-milky grain growth stage. In comparison to wheat, three cuhivars 
Ens 140, 33 and 28 registered higher values at first growth stage whereas 140 
and 28 at second growth stage. Differential cultivar response to an optimum 
treatment may be noted. At tillering-heading stage, En 13 and 140 gave 
optimum response at Pgo whereas. Ens 28, 33, 65 and 186 responded equally to 
P30, P60 and P90. Thus, P30 proved optimum for these cultivars. At 
heading-milky grain stage, En 13, 28, 33 and 140 responded more or less 
equally to Peo and P90. Thus, Peo proved optimum whereas. Ens 13, 18, 130 and 
wheat responded equally to all treatments. It may be noted that crop growth 
rate increased both in treatments as well as in cultivars from tillering to milky 
grain growth stages studied, with an exceptional decrease in En 65 at 
heading-milky grain stage. 
4.3.5 LeafN, P a n d K 
Leaf nitrogen content 
The treatments Peo and P90 gave significantly higher values than control 
at tillering and heading stages whereas, P30 recorded at par values with control 
as well as P60 and P90 at both stages (Table 49). Peo which proved optimum in 
most of characteristics recorded 4.39% and 4.30% more nitrogen in leaves than 
control at tillering and heading respectively. En 186, recorded comparatively 
more nitrogen content than wheat check and other cultivars of lower values. 
Wliereas, En 65 gave significantly the lowest value at three stages. In 
comparison to the wheat check, three cultivars Ens 186, 140, 130 at tillering, 
five Ens 186, 140, 130, 33, 18 at heading and four Ens 186, 140, 130, 33 at 
milky grain stage accumulated more nitrogen. Nitrogen content in plants 
decreased as the growth increased. It may be pointed out that nitrogen and 
phosphorus showed synergistic effect during their uptake. However, interaction 
effect was noted non-significant at all stages. 
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Phosphorus content 
Phosphorus content in leaves increased linearly with the increasing 
phosphorus doses and recorded maximum values at P90 at tillering and heading 
growth stages (Table 50). However, at milky grain stage, P90 and Peo gave 
statistically equal effect, thus Peo proved optimum. Maximum accumulation of 
phosphorus in leaf tissues was found in triticale En 140 at tillering and heading 
stages whereas, at milky grain. En 33, being at par with En 140, recorded 
higher uptake of phosphorus. Ens 18, 65 and 8 at tillering, wheat check and 
En 18 at heading and Ens 28, 186, 18, wheat and En 8 were noted less efficient 
in phosphorus uptake. Regarding interactions, all treatment x cultivar 
combinations showed more phosphorus in leaves than control x cultivar 
combinations at tillering and heading. However, at milky grain, most of the 
P30 X cultivar interactions gave at par values with Po ^ cultivar interactions. At 
all stages of the growth studied, P60 proved optimum and gave equal values to 
that of P90 in all cultivars except in Ens 13, 140, wheat at tillering and Ens 8, 
140 at heading, where P90 proved best. It may be noted that phosphorus 
contents decreased in leaf tissues in both treatments as well as in cultivars, with 
increase in growth. 
Leaf potassium content 
En 140 recorded significantly higher leaf potassium than other cultivars 
at tillering whereas, lower values were given by Ens 65, 186 and 18 (Table 51). 
At heading. Ens 140, 28 and 13 and at milky grain. En 140 and En 28 
accumulated more potassium than other cultivars. Rest of the cultivars were 
found at par with each other in one way or the other. Three cultivars at tillering 
and heading while five at milky grain accumulated more potassium than wheat 
check whereas, other cultivars recorded equal values to that of wheat at three 
stages studied. It may be noted that leaf potassium decreased as the growth 
increased. Moreover, concentration of potassium in triticale and wheat was 
found more as compared to nitrogen and phosphorus. 
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4.3.6 Leaf nitrate reductase activity (NRA) 
All the phosphorus doses significantly increased the NRA over control at 
tillering but show e^d no significant differences w h^en compared to each other (Table 
52). The range of increase was noted from 0.85% in P30 to 1.69% in P90. En 186 and 
En 140 gave almost higher NRA whereas, En 65, the lowest NR activity at all the 
growth stages. In comparison to the wheat check, four cultivars Ens 186, 140, 130 
and 33 surpassed it, whereas, three cultivars Ens 18, 28 and 8 gave equal values 
and two En 13 and En 65 were noted inferior to wheat at tillering. However, at 
heading and milky grain stages, all triticales except En 65, surpassed wheat. 
Thereby, indicating the lower efficiency of the wheat check during later period of 
growth as compared to triticale which may also be responsible for lower protein in 
wheat. Leaf NRA decreased ui all cultivars as the crop proceeded towards maturity. 
Interaction effect was non-significant. 
4.3.7 Net photosynthetic rate 
Phosphorus application significantly enhanced the leaf photosyntlietic rate 
(Table 53). Effect of P60, which was equal to P90, was optimum at all three stages 
and gave an increase of 9.95%, 8.79% and 9.01% over control at tillering, heading 
and miUcy grain stages respectively. Effect of P30 was found inadequate in 
comparison to Peo- Among cultivars, maximum photosynthetic rate was recorded in 
En 140 at heading and milky grain and differed from other cultivars and wheat 
check. However, at tillering. En 140 and En 33 were at par with each other. The rest 
of the cultivars did not show much difference when compared to each other. At 
milky grain stage, cultivar differences were more pronounced. In comparison to 
wheat check. En 140 and En 33 at tillering and En 140 at heading gave maximum 
photosynthetic rate. At milky grain, six triticales Ens 140, 33, 28, 8, 186 
and 18 recorded more photosynthesis than wheat., Interaction effect at 
tillering and milky grain were not clearly pronounced. The optimum 
photosynthetic rate was recorded in P30 x En 140, which was statistically 
equal to other combinations of higher values Uke P60 ^ En 140, 
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Pgo ^ En 140, etc. The lower values were noted in control and Ens 8, 13, 65 and 
186 combinations which recorded statistically equal values when compared to 
each other. At milky grain stage. En 140 maintained its superiority in all 
treatments over other cultivars followed by En 33. However, En 8, which 
recorded lower values at tillering, showed an improvement at this stage and 
surpassed various treatment x cultivar combinations. Whereas, En 65 
responded poorly at both stages with phosphorus doses and recorded lower 
photosynthetic rate. It may be noted that net photosynthetic rate of leaves 
increased upto heading stages in both treatments as well as in cultivars 
followed by a decrease towards milky grain growth stage. 
4.3.8 Yield parameters 
Ear number plant' 
Ear number increased with the increasing dose of phosphorus and 
recorded an optimum value at P6o as the value was noted at par with P90 
(Table 54). The former treatment recorded an increase of 34.47% over control. 
Effect of P30 may be treated as inadequate when compared to P60 while the use 
of P90 may be treated as wasteful. Highest number of ears was given by En 140, 
followed by 33 and 28 whereas lowest by Ens 130, 13 and 186, which were at 
par with each other. Three cultivars Ens 140, 33 and 28 surpassed wheat check. 
En 18 was at par while rest were inferior. It may be mentioned that En 28 
which recorded comparatively lower value for tiller number than other 
cultivars, showed marked improvement in producing fertile tillers and stood 
next to En 33, highlighting the failure of some tillers to form fertile ears in 
other cultivars. The optimum values were noted in P^ o ^ En 140 and P60 ^ 
En 33 being at par with P90 ^ En 140 and P90 x En 33, whereas, lowest values 
were noted in control of En 130, 65 and 13, being at par with each other. 
Cultivar differences to treatments for maximum production of ears may be 
noted. Ens 8, 13, 28, 33, 65, 130, 186 and wheat produced optimum number of 
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ears in Pgo- En 18 gave equal response to three doses of phosphorus. Thus, P30 
proved optimum for this cultivar. 
Ear weight plant' 
Phosphorus doses significantly increased ear weight and optimum 
weight was recorded in Peo, being at par with P90 and it produced 48.12% 
heavier ears than control (Table 55). It may be noted that application of 
phosphorus beyond 60kg ha" proved wasteful whereas 30kg P ha'^  proved 
deficient. Among cultivars, En 140 gave maximum value for ear weight and the 
value differed critically from other cultivars. Whereas, Ens 13, 186 and 130 
gave the minimum values. Three cultivars Ens 140, 33 and 28 surpassed wheat 
check whereas Ens 8, 130, 186 and 13 were inferior to wheat. En 18 and En 65 
recorded at par values to that of wheat. Optimum response was recorded in Peo 
X En 140 and was at par with P90 x En 140. En 13 and En 130 responded 
comparatively poorer to fertilizer doses. Among all interactions, Peo ^ cultivar 
proved optimum for maximum production of ear weight. 
Length ear"' 
En 28, being at par with En 140 and En 33 gave longer ears whereas, 
wheat check. En 186 and En 130 which were at par gave shorter ears 
(Table 56). Seven cultivars surpassed the wheat check. En 28 and En 140 gave 
24.16% and 23.13% longer ears than wheat. 
Spikelet number ear"' 
All the phosphorus doses significantly increased the spikelet ear"' and 
the optimum effect was noted at Pf,o, being at par with P90, which recorded an 
increase of 4.50% than Po (Table 57). En 28, at par with En 140, recorded 
higher number of spikelets whereas, wheat check gave the lowest number than 
triticales. En 28 and En 140 gave 18.52% and 16.80%) more spikelets than 
wheat. Differential cultivar response to optimum treatment may be noted. 
En 140 and En 33 gave optimum response to Peo by recording at par values 
with P90, thus, Pjo proved inadequate for these cultivars. Contrary to this 
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observation, other cultivars Ens 8, 13, 28 and 65 gave optimum response to P30 
and recorded at par values with Peo and P90, indicating luxury consumption of 
higher dose. The poorer response to phosphorus was observed in cultivars 
Ens 18, 130, 186 and wheat, as they recorded at par values in all P regimes. 
Grain number ear ' 
Phosphorus significantly increased the grain number per ear and Peo 
recorded the optimum number of grains as the value was found at par with P90 
(Table 58). Cultivar differences were more pronounced and differed critically 
from each other. En 140 gave the highest number of grains per ear whereas. 
En 65, the lowest. In comparison to wheat check, eight cultivars produced more 
grains in their ears. En 140 produced 30.84% and 33.30% more grains than 
wheat and En 186. Among the interactions, differences were not clearly 
pronounced. En 140 and En 33 recorded higher values in phosphorus 
treatments than other cultivars while tieatment x wheat and treatment x En 186 
recorded comparatively lower values. 
1,000 grain weight 
Phosphorus treatments significantly increased 1,000 grain weight over 
control. Thus, a linear increase was observed upto P90. All the values differed 
critically from each other. P90 and Peo gave 7.14% and 6.22% higher 1,000 
grain weight than PQ respectively (Table 59). Cultivar En 140 gave the 
maximum 1,000 grain weight and the value differed from wheat and other 
cultivars, whereas En 28 gave the minimum value. In comparison to wheat, 
only one cultivar En 140 gave higher value whereas. En 186 was at par. The 
rest of the triticale cultivars were inferior to wheat. Among interactions, ?(,o ^ 
En 140 recorded optimum value and was noted at par with other interactions of 
higher values e.g. P90 ^ En 140, P^ o x wheat, etc. Whereas, Po x En 28, PQ X En 
13 and P30 x En 28, being at par with each other, recorded the lowest values. 
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Grain yield 
All the phosphorus levels significantly increased the grain yield over 
control. The optimum effect was recorded at Pgo, being at par with P90, which 
yielded 9.09% more than PQ (Table 60). It may be pointed out that P30 proved 
deficient whereas, P90 wasteful when compared to optimum treatment (Peo)-
En 140 gave the highest grain yield and the value differed critically from other 
cultivars including wheat check whereas, En 186 and En 130 were the lowest 
yielders. En 140 yielded 10.78% and 25.45% more than wheat and En 186 
respectively. Triticale cultivars. En 140 and En 33, significantly out yielded 
wheat check while the rest were lower than wheat in grain production. It may 
be pointed out that En 140 and En 33 maintained their superiority over wheat 
whereas En 28 and En 8, which yielded equal to that of wheat in Experiment II, 
recorded lower grain yield than wheat in present experiment. Regarding 
interactions, PQ X En 140, P.,o >< En 140, P^ o x En 140 and P90 x En 140 
recorded higher values than other cultivars in same fertilizer treatments. The 
optimum grain yield was noted in Pfio x En 140 combination, being at par with 
P90 X En 140 and the value differed significantly from all other treatment x 
cultivar values. Moreover, P30 x En 140, which recorded lower value in 
combinations of En 140, was found equal in its effect with Pfio x En 33, P90 x 
En 33, P60 X wheat and P90 x wheat. Differential response of cultivais for 
optimum treatment may be noted. At individual level. Ens 13, 28, 33, 140 and 
wheat responded equally to p6o and P90. Thus, Peo proved optimum for these 
cultivars at which optimum grain yield was attained, whereas, application of 
90kg P ha"' was noted wasteful and 30kg P ha'' proved inadequate. 
4.3.9 Above ground biomass 
Optimum effect was noted at Peo which produced 8.02% higher 
biological yield than PQ (Table 61) while the effect of P90 was equal to that of 
Pfio- Among cultivars, En 140 gave the maximum biological yield whereas. 
En 186 recorded the lowest value. Three cultivars Ens 140, 33 and 28 
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surpassed wheat check whereas four Ens 65, 13, 130, 186 proved inferior. Rest 
of the two cultivars En 8 and En 18 gave the same values as that of wheat. 
Among all interactions, Peo ^ En 140, being at par with P90 x En 140 and P90 x 
En 33 gave the maximum value whereas, Po x En 186, PQ x En 13 and P30 x 
En 186 being at par, recorded minimum values. At individual level, each 
cultivar responded more to P60 and P90 thus, Pso proved optimum treatment for 
all cultivars except for En 130, which gave equal response to all treatments. 
Thus, P30 proved optimum for En 130. 
4.3.10 Harvest index 
Cultivar differences were not clearly pronounced (Table 62). En 140 and 
wheat check gave statistically equal values and occupied the first place among 
cultivars. The rest of the cultivars were more or less at par with each other in 
one way or the other. It may be noted that wheat check competed well with 
triticale cultivars in this parameter, as was observed in Experiment 11. 
4.3.11 Quality characteristics 
Grain nitrogen content 
Maximum nitrogen content was estimated from the grains of En 186 and 
En 140, which recorded at par values. Wheat check was at par with Ens 13, 8 
and 65. En 186 and En 140 gave 17.13% and 14.81% more nitrogen than wheat 
check. In comparison to the wheat check, six cultivars Ens 186, 140, 130, 18, 
33 and 28 recorded more nitrogen in their grains (Table 63). 
Grain protein content 
Like nitrogen content. En 186 and En 140, being at par, gave the 
maximum protein in their seeds and were statistically higher than other 
cultivars and wheat check. The minimum values were noted in wheat check. 
Ens 13, 8,and 65, which recorded at par values. Six cultivars of triticale 
Ens 186 (17.37%), 140 (14.85%), 130 (10.99%), 18 (10.24%), 33 (5.72%) and 
28 (5.12%) recorded more proteins in their grain than wheat check. It may be 
noted that the higher protein content in triticale seeds proved its high nutritive 
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value and a positive sign for introducing triticale as an alternative cereal grain 
crop (Table 64). 
Protein yield 
Phosphorus treatments significantly increased the protein yield and the 
optimum treatment was ?6o, being at par with P90, giving 11.41% more than 
control (Table 65). En 140 gave the maximum protein yield among all cultivars 
whereas En 65 and En 13 recorded the minimum values which were at par with 
each other. In comparison to wheat check, En 140 and En 33 proved best 
whereas, rest of cultivars were noted at par with wheat. The interaction effect 
was found non-significant. 
Lysine content 
All the triticale cultivars surpassed wheat check significantly (Table 66). 
Maximum lysine was noted in protein of En 140 and it differed from other 
triticales. It gave 38.57% more lysine than wheat check while another good 
cultivar of triticale En 33 recorded 30.71% more lysine than wheat. However, it 
was at par with En 130 (which recorded 32.14% more lysine than wheat) on the 
one hand and En 13 on the other. Another cultivar, En 28 was at par to again 
En 13 on one hand while En 186 on the other hand. While remaining three 
cultivars Ens 8, 65 and 18 were critically different with one another. It may be 
pointed out that the higher contents of lysine in the protein of triticales further 
proved high quality characteristics of its grains as compared to wheat. 
Lysine yield 
The optimum lysine yield was noted at Peo, being at par with P90, and 
recorded 11.60% more lysine yield than control (Table 67). En 140 gave the 
highest lysine yield and the value differed from wheat check and other 
cultivars, whereas wheat check recorded the lowest value and gave 75.91% 
lower lysine yield than En 140. It may be noted that En 65, which recorded 
lowest among triticales, still gave 12.71% more lysine yield than wheat while 
En 33 recorded 41.33% more lysine. The interaction effect was non-significant. 
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Carbohydrate content 
Optimum effect was noted at Peo, being at par with P90 and recorded an 
increase of 3.51% carbohydrate content than control (Table 68). Contrary to 
protein observation, where wheat proved inferior, as carbohydrate was more 
accumulated in wheat seeds and triticale cultivar En 33 and were at par. 
Similarly, En 186 and En 130 recorded comparatively lower carbohydrate, as 
these cultivars were better in protein percentage. Thus, most of the cultivars 
were noted inferior to wheat. All triticale cultivars gave optimum response to 
Pr.o thus P90 proved wasteful and P30 inadequate. However, wheat recorded 
maximum value in P90 >^  wheat interaction. 
Carbohydrate yield 
All the phosphoms treatments significantly increased the carbohydrate 
yield over control (Table 69). The optimum yield was obtained in Peo and it 
was at par with P90. The increase in carbohydrate yield by Peo was 12.95% than 
control. En 140 gave the maximum carbohydrate yield and differed critically 
from other triticale cultivars and wheat check. Whereas, the minimum value 
was noted in En 130. Two triticale cultivars En 140 and En 33 significantly 
surpassed wheat check while rest were noted inferior to wheat. En 140 gave 
8.03% and 28.57% more carbohydrate than wheat check and En 130. As far as 
interactions were concerned, cultivar differences may be noted. En 140 
responded more to treatments and recorded significantly higher values than 
other cultivars in the same treatments. The optimum response was observed in 
Pf.o ^ En 140 combination and it was at par with P90 x En 140. Whereas, 
En 130 and En 186 recorded at par values in all treatments and responded 
comparatively poorer to treatments than other cultivars. 
4.4. Experiment IV 
Only significant data are briefly described below. 
4.4.1 Lodging percentage 
N150+50P90 recorded the highest lodging followed by Niso+soPeo 
(Table 70). While NisoPeo and N150P90, being equal, recorded the lowest 
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Table 70. Effect of single and split N applicat ion along with two 
phosphorus doses (Peo, P90) on lodging (%) of two tr i t icale 
cult ivars and wheat check. 
Trea tments Cul t ivars with entry number (En) 
(kg ha"') 33 140 Wheat Mean 
_ _ _ _ _ _ _ 
N100+50P60 17.37 
N150 + 50P60 23.71 
N,5oP9o 12.34 
N,oo.5oP90 20.17 
N,5o.5oP90 25.83 
Mean 18.65 16.93 4~\S 
N.B. A uniform basal dose of potass ium (30kg ha"') was appl ied 
prior to sowing. 
C D at 5% 
C u l t i v a r ( C ) = 0.93 
Trea tment (T) = 1.31 
C X T = 2.23 
10.70 
17.41 
20.20 
10.10 
19.25 
23.90 
2.31 
2.92 
5.44 
3.00 
4.40 
7.00 
8.51 
12.57 
16.45 
8.48 
14.61 
18.91 
99 
lodging. It may also be noted that lodging was more in doses having split 
nitrogen N100+50P90, Nioo+soPeo when compared to 150kg N ha' given once. The 
recorded lodging percentage of triticale cultivars En 140 and En 33 when 
compared to original lodging scale (0 - 9) was resistant. However, when 
compared to each other and with wheat, En 33 showed more lodging, whereas 
wheat the lowest. Among interactions, N150+50P90 recorded the maximum 
lodging in each cultivar with N150+50P90 ^ En 33, N150+50P90 ^ En 140 and 
Ni 50-50Peo X En 33 at par showing maximum lodging while the lowest lodging 
was observed in N 150^ 60 ^ wheat, being at par with N150P90 ^ wheat, "Nioo+soPeo 
X wheat and N100+50P90 ^ wheat. It may be pointed out that wheat check 
recorded comparative lower lodging in all treatments as compared to En 33 and 
En 140. 
4.4.2 Days to heading 
Application of nitrogen doses in split, along with two phosphorus basal 
doses (P60 and P90) delayed heading when compared to single application 
(Table 71). Maximum days to heading were recorded in treatments NisofSoPQo, 
N100+50P90 and N100+50P60 which were at par while the heading was slightly 
earlier when nitrogen was given in single dose (N150P60 and NisoPgo)- No 
significant difference between triticale cultivars was noted. It may be of interest 
to differentiate these two crops in days to heading and maturity. Thus, in 
present case heading in triticales was about 10 days late when compared to 
wheat. Interaction effect was found non-significant. 
4.4.3 Days to maturity 
Cultivar En 33 took maximum days for maturation while wheat check, 
the least (Table 72). En 33 and En 140 matured late by about 9 and 8 days than 
wheat check respectively. The two cultivars En 140 and En 33, which headed 
on the same day, showed slight variation in their maturity. It may be pointed 
out that these triticale cultivars showed improvement in this characteristic when 
Table 71. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on days to heading of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N,50P60 9 l 
NiooH-soPeo 94 
Niso+soPeo 95 
N,5oP90 92 
N100-50P90 96 
N150+50P90 96 
Mean 94.00 94.17 83.83 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.94 
Treatment (T) = 1.33 
C X T = NS 
93 
95 
95 
92 
94 
96 
83 
84 
84 
82 
85 
85 
89.00 
91.00 
91.33 
88.67 
91.67 
92.33 
Table 72. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on days to maturity of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N,5oP6o TSI MS 142 147.00 
N100.50P60 151 150 142 147.67 
N,5o.5oP6o 153 150 143 148.67 
N,5oP9o 150 149 141 146.67 
N,oo.5oP9o 151 151 142 148.00 
N150+50P90 152 151 142 148.33 
Mean 151.33 149.83 142.00 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 1.39 
Treatment (T) = NS 
C X T = NS 
100 
compared to earlier released cultivars, which utilized 160 or even more days in 
some cases. 
4.4.4 Yield parameters 
Ear number plant'' 
All the split nitrogen applications significantly enhanced the ear 
production over single application (Table 73). The optimum effect was 
observed with Nioo+soPeo, being at par with other split treatments, and it 
produced 22.41% more number of ears than N150P90, which gave the minimum 
value (at par with NisoPeo)- Both cultivars of triticale En 140 and En 33 
surpassed the wheat check. En 140, being at top, gave maximum number of 
ears and was noted 26.60% and 11.41% higher than wheat and En 33 
respectively. En 140 interacted more with both single N and split N treatments 
whereas wheat check responded comparatively poorer among the three. Split 
N X cultivar combinations recorded more number of ears than single N x 
cultivar combinations. However, split N x cultivar interactions when compared 
to each other were at par. It may be pointed out that the two phosphorus doses 
Peo and P90 gave more or less same effect in both single N x cultivar and split N 
X cultivar combinations. Thus, application of split nitrogen Nioo+50 with Pgo 
proved optimum whereas, split N100+50P90, split N150+50 proved wasteful. 
Ear weight plant' 
Split Nioo+50 significantly increased the ear weight over single N150 and 
also recorded higher values than N150+50. P60 and P90 were equally effective with 
Nioo+50 indicating wasteful apphcation of phosphorus as P9o.Thus, Nioo+soPeo 
proved optimum for production of heavier ears whereas, N150+50 proved 
deleterious with both doses of phosphorus (Table 74). Maximum ear weight 
was recorded in En 140, followed by En 33 and wheat check. Split N x cultivar 
interactions recorded higher values than single N x cultivar interactions except 
in En 140, where split N150+50 gave more or less at par value with single 
NisoPgo- Among split N applications, Nioo+50 proved better by giving higher ear 
Table 73. Effect of single and split N application along with two 
phosphorus doses (P6o, P90) on ear number plant'' of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N150P60 10.44 
Nioo+soPeo 13.00 
Niso+soPeo 12.11 
N,5oP90 10.77 
N100+50P90 13.33 
N150+50P90 12.88 
Mean 12.09 13.47 10.64 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.65 
Treatment (T) = 0.91 
C X T = 1.58 
11.88 
14.77 
13.88 
11.77 
14.88 
13.66 
9.77 
11.22 
11.00 
9.33 
11.77 
10.77 
10.70 
13.00 
12.33 
10.62 
13.33 
12.44 
Table 74. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on ear weight plant' ' (g) of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha ' ' ) 33 140 Wheat Mean 
_ _ _ _ _ 45.37 
Nioo.soPeo 56.93 
N,5o.5oP60 52.04 
N,5oP9o 48.92 
N,oo+5oP90 59.35 
N,5o.5oP90 56.87 
Mean 53.25 66.19 39.73 
N.B. A uniform basal dose of potassium (30kg ha ' ' ) was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 1.65 
Treatment (T) = 2.34 
C X T = 4.05 
57.86 
74.93 
59.93 
64.93 
75.38 
64.09 
35.82 
41.07 
40.71 
35.00 
43.92 
41.88 
46.35 
57.64 
50.89 
49.62 
59.55 
54.28 
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production than N150+50 in all the three cultivars, thereby indicating deleterious 
effect of latter dose. Effect of two phosphorus doses with single N x cultivar 
and split N x cultivar recorded at par values, except in split N150+50 x En 33, 
split N150+50 ^ En 140 and single N150 x En 140 where P90 gave heavier ears 
than Peo. 
Length ear"' 
Both cultivars En 140 and En 33 surpassed wheat check by producing 
23. 97% and 21.28% longer ears than wheat (Table 75). However, the two 
triticale cultivars were at par when compared to each other. 
Spikelet number ear" 
Split N applications significantly increased the spikelet number over 
single N application and the four split treatments were equal in the effect when 
compared to each other (Table 76). However, optimum effect was noted in 
N100+50P60 and was found 5.57% higher than N150P60, which recorded the lowest 
value. Effect of Pso and P90 was at par in four split N treatments but in single N 
treatments, P90 (along with N150) recorded significantly higher value than 
Ni5oP6o. En 140 recorded the highest number of spikelets and differed critically 
from En 33 by 6.76% and wheat check by 22.61% which recorded the lowest 
number of spikelets per ear. Single N x En 140 and spHt N x En 140 
combinations gave more spikelets per ear than En 33 and wheat check under 
similar nitrogen doses. Split N x cultivar recorded higher number of spikelets 
when compared to single N x cultivar combinations except N100+50P60 ^ En 33, 
split N150+50 X En 33 and split N x wheat combinations, which recorded at par 
values with their single N150P90 interactions. However, split N x cultivar 
interactions gave equal values when compared to each other. Thus, split N100+50 
proved optimum for all the three cultivars whereas split N150+50 proved wasteful 
and single N150 comparatively inadequate. It may be noted that two phosphorus 
doses were almost equal in their effect within each individual nitrogen 
treatment thus, P90 proving wasteful. 
Table 75 Effect of single and split N appl icat ion along with two 
phosphorus doses (Pgo, P90) on length ear"' (cm) of two 
t r i t icale cult ivars and wheat check. 
Treatments Cult ivars with entry number 
(kg ha ' ' ) 33 140 Wheat Mean 
NisoPeo y^2 
N,oo.5oP60 17.69 
N150+50P60 17.67 
N,5oP90 17.48 
N100+50P90 17.79 
N150+50P90 17.79 
Mean 17.61 18.00 14.52 
N . B . A uniform basal dose of potassium (30kg h a ' ) was applied 
prior to sowing. 
C D . at 5% 
Cult ivar (C) - 0.45 
Trea tment (T) = NS 
C X T = NS 
17.64 
18.07 
18.15 
17.94 
18.10 
18.07 
14.42 
14.35 
14.44 
14.59 
14.64 
14.67 
16.43 
16.70 
16.75 
16.67 
16.84 
16.84 
Table 76. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on spikelet number ear"' of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N,5oP6o 3 8 J 1 
N100+50P60 39.88 
N,5o.5oP6o 39.77 
N,5oP9o 38.99 
N,oo+5oP9o 40.22 
N,5o+5oP9o 39.88 
Mean 39.47 42.14 34.37 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.39 
Treatment (T) = 0.55 
C X T = 0.94 
40.33 
42.55 
43.00 
40.99 
42.99 
42.99 
33.00 
35.22 
34.11 
34.33 
35.00 
34.55 
37.15 
39.22 
38.96 
38.10 
39.40 
39.14 
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Grain number ear' 
Optimum effect was recorded by Njoo+soPeo but was equal with other 
split N treatments (Table 77). Effect of phosphorus levels in each nitrogen 
treatment was noted at par indicating Peo as optimum. En 140 and En 33 
surpassed wheat check completely and produced 34.24% and 28.57% more 
grains than wheat respectively. En 140 proved better than En 33 as it recorded 
4.41% more grains. Single N x En 140 and split N x En 140 recorded 
comparatively higher values than En 33 and wheat within same treatments. 
Wheat check responded poorly. In two triticales En 140 and En 33, split N100+50 
proved optimum dose as it gave equal grains that of split N150+50 ^ triticale 
combinations but higher than single N x triticale combinations, thereby 
indicating the wasteful application of split N150+50 kg ha"' and N150 
comparatively proved less effective. However, wheat responded equally to both 
single as well as split N applications and recorded at par values in all 
treatments. 
1,000 grain weight 
Only cultivar response was noted significant (Table 78). En 140 
recorded the highest 1,000 grain weight while En 33, the lowest. Wheat check 
occupied the middle position between two. All the values differed critically 
from one another. Cultivar En 140 produced 3.03% and 8.56% higher 1,000 
grain weight than wheat check and En 33. 
Grain yield 
Split N100+50 significantly increased grain yield over single Niso and split 
N150+50- However, effect of P60 and P90 with both spht N and single N, gave 
almost at par values (Table 79). Thus, Nioo+soPeo proved optimum and yielded 
6.73% and 5.76% more than NisoPeo ^^^ Ni5o+5oP9o- It may be pointed out that 
application of spht N150+50 proved deleterious. Both cultivars En 140 and En 33 
out yielded wheat and gave 12.08% and 5.35% more. En 140 proved best and 
recorded 6.38% higher grain yield than En 33. Maximum grain yield was noted 
Table 77. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on grain number e a r ' of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha' ' ) 33 140 Wheat Mean 
_ _ _ _ _ 84.00 
N100+50P60 8 7 . 7 7 
Niso+soPeo 85.22 
N150P90 8 5 . 6 6 
N100+50P90 8 8 . 1 1 
N,50.50P90 8 6 . 1 0 
Mean 86.14 89.94 67.00 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 1.22 
Treatment (T) = 1.73 
C X T = 3.00 
87.99 
91.55 
90.44 
88.22 
92.44 
89.00 
65.77 
67.11 
67.22 
65.55 
68.22 
68.11 
79.25 
82.14 
80.96 
79.81 
82.92 
81.07 
Table 78. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on 1,000 grain weight (g) of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha ' ' ) 33 140 Wheat Mean 
N,5oP60 48^21 
Nioo^soPeo 47.42 
N,5o+5oP60 47.00 
N,5oP9o 48.94 
N,oo.5oP90 48.10 
N,5o^5oP90 47.72 
Mean 47.90 52.00 50.47 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 1.14 
Treatment (T) = NS 
C X T = NS 
52.16 
52.00 
51.73 
52.58 
51.78 
51.76 
50.69 
50.12 
49.78 
50.94 
50.36 
50.91 
50.35 
49.85 
49.50 
50.82 
50.08 
50.13 
Table 79. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on grain yield (q ha ' ' ) of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
______ 53 48 
Nioo+soPeo 57.17 
N,5o.5oP6o 55.28 
N,5oP90 54.67 
N,oo^5oP90 57.00 
N,5o^5oP9o 54.19 
Mean 55.30 58.83 52.49 
N.B. A uniform basal dose of potassium (30kg h a ' ) was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.85 
Treatment (T) = 1.20 
C X T = 2.09 
56.85 
61.92 
58.24 
57.19 
62.02 
56.73 
51.13 
53.24 
52.17 
52.29 
54.10 
52.00 
53.82 
57.44 
55.23 
54.72 
57.71 
54.31 
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in split N100+50 x En 140 and differed significantly from all other interaction 
values whereas, the lower grain yield was given by single NisoPeo ^ wheat, 
single N150P90 >< wheat and split N150+50 ^ wheat which recorded at par values 
with each other. In general, split N100+50 ^ cultivar combinations proved 
optimum for maximum grain yield whereas, split N150+50 ^ cultivar 
combinations proved almost deleterious except in wheat, where it proved 
luxuiy. It may be pointed out that P^ o and P90 with single N or split N 
combinations recorded at par values. Thus, application of 60kg P ha"^  with split 
N100+50 proved optimum dose for maximum grain yield in all cultivars and P90 
proved wasteful. 
4.4.5 Above ground biomass 
Split nitrogen significantly enhanced the above ground biomass when 
compared to single nitrogen application (Table 80). Optimum value was 
recorded in N100450P90 as it was at par with N150+50P90, whereas lowest value 
was observed in N150P60, being at par with N150P90 and the value differed from 
maximum one by 9.00%. Cultivar differences were found significant. Triticale 
cultivars produced higher above ground biomass than wheat check. Thus, 
En 140 recorded the maximum value giving 11.52% and 3.47% more biomass 
than wheat check and En 33. It may pointed out that triticales out yielded wheat 
check not only in grain yield but in forage yield too. Split N x cultivar 
interactions recorded higher values than single N x cultivar combinations, but 
gave more or less at par values when compared to each other. Thus, indicating 
the optimum effect of split N100+50- Among all treatment x cultivar interactions, 
split N100+50 X En 140 recorded optimum value whereas, lower values were 
recorded in single N x wheat. Effect of phosphorus doses once again did not 
give any significant difference within single or split N application. Thus, P60 
proved optimum for thiee cultivars (two triticales and one wheat) along with 
M|00i50-
Table 80. Effect of single and split N application along with two 
phosphorus doses (P6o, P90) on above ground biomass (q ha"') 
of two triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N,5oP6o 174.74 179.66 163.46 172.62 
N,oo+5oP6o 188.05 195.84 171.58 185.16 
N,5o+5oP6o 185.69 191.25 173.09 183.34 
N,5oP90 174.46 178.67 164.87 172.67 
N100+50P90 190.52 199.74 174.23 188.16 
Ni5o^5oP90 187.67 194.12 174.34 185.38 
Mean 183.52 189.88 170.26 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 2.08 
Treatment (T) = 2.94 
C X T = 5.09 
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4.4.6 Harvest Index 
Split N100+50 gave at par values with single application. It may be noted 
that split application of nitrogen with a total of 200kg N ha"' proved wasteful, 
when compared to both single as well as split application amounting 150kg 
N ha"'. Effect of ?6o and P90 in each N treatment recorded at par values. Among 
the cultivars, wheat check recorded at par value with En 33 and En 140, 
however En 140 was significantly higher than En 33 and recorded 2.78% more. 
As noted in previous experiments, wheat check again competed well with 
triticale cultivars in this characteristic (Table 81). 
4.4.7 Quality characteristics 
Grain nitrogen content 
Split nitrogen application significantly enhanced the grain nitrogen 
content over single nitrogen application (Table 82). The optimum response was 
found in N150+50P60 (at par with N150+50P90) and the value differed significantly 
to that of other nitrogen applications. While the lowest value was noted in 
N|5oP6o and differed from optimum treatment by 5.70%. Among cultivars. 
Ens 140 and 33 surpassed wheat check and recorded 14.68% and 8.26% higher 
nitiogen than wheat check. En 140 recorded maximum accumulation of 
nitrogen in grains and was 5.93% more than En 33. Split N x cultivar gave 
higher values than single N x cultivar combinations except in En 140, where 
split N100.50 gave at par values with single N150. In case of split N x cultivar 
combinations, split N150+50 proved best for all cultivars by accumulating more 
nitrogen in grains than split Nioo+so- The two phosphorus doses recorded at par 
values with single N x cultivar and split N x cultivar combinations. 
Grain nitrogen yield 
All the split nitrogen application significantly increased the grain 
nitiogen yield over single nitrogen application. Optimum nitrogen yield was 
recorded in Nloo^ 5oP6o equal to N100+50P90 and values differed critically from 
other treatments, while the minimum values were recorded in N150P60 and 
Table 81. Effect of single and split N application along with two 
phosphorus doses (Pgo, P90) on harvest index (%) of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
_ _ _ _ _ 30.60 
N100.50P60 30.40 
N,5o.5oP6o 29.84 
N,5oP9o 31.34 
N,oo+5oP9o 29.92 
N150+50P90 28.90 
Mean 30.17 31.01 30.60 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.70 
Treatment (T) = 0.99 
C X T = NS 
31.65 
31.62 
30.45 
32.03 
31.05 
29.23 
31.26 
29.71 
30.07 
31.71 
31.06 
29.82 
31.17 
30.58 
30.12 
31.70 
30.68 
29.32 
Table 82. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on grain nitrogen content (%) of 
two triticale cultivars and wheat check. 
Treatments 
(kg ha-') 
NisoPeo 
N100+50P60 
Niso+soPeo 
N150P90 
N100+50P90 
N150+50P90 
Mean 
Cultivars 
33 
2.26 
2.37 
2.43 
2.31 
2.36 
2.43 
2.36 
with entry 
140 
2.46 
2.48 
2.55 
2.47 
2.50 
2.55 
2.50 
number 
Wheat 
2.13 
2.18 
2.24 
2.13 
2.17 
2.24 
2.18 
Mean 
2.28 
2.34 
2.41 
2.30 
2.34 
2.41 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.02 
Treatment (T) = 0.03 
C X T = 0.05 
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N150P90 (Table 83). The optimum value was found 9.60% higher than minimum 
one. However, the effect of N150+50P90 was found critically lower than optimum 
one and thus proved deleterious. Among cultivars, En 140 and En 33, 
completely out yielded wheat check in grain nitrogen yield and recorded 
28.50% and 13.93% higher than wheat check. En 140 gave 12.79% higher 
grain nitrogen yield than En 33. Interaction N100+50P90 ^ En 140 (being at par 
with N100+50P60 ^ En 140) gave the maximum value for grain nitrogen yield 
while as the minimum value was recorded in NisoPeo ^ wheat (at par with 
N150P90 ^ wheat) interaction. In general, Nioo+soPeo proved optimum, N150+50 as 
wasteful and sigle N150 application as less efficient. 
Protein content 
Split nitrogen significantly increased the grain protein content over 
single applied nitrogen (Table 84). Optimum value was noted in N150+50P60, 
being at par with N150+50P90 and differed to that of other treatments. Lowest 
value was recorded in N150P60, which differed from optimum value by 5.40%. 
Ens 140 and 33 significantly surpassed wheat check in grain protein content 
and recorded 14.66% and 8.14%) more. The two cultivars were differing by 
6.03% from each other. Split N x cultivar gave more protein than single N x 
cultivar combinations whereas, split N150+50 ^ cultivar recorded higher value 
when compared to single N 100*50 ^ cultivar, thus proved best. While split 
N100+50 and single N150 proved comparatively less effective. The two 
phosphorus levels were at par in single N x cultivar as well as split N x cultivar 
combination, thereby indicating the optimum effect of Peo-
Protein yield 
Nitrogen in split enhanced protein yield when compared to single 
nitrogen application (Table 85). Treatment N100+50P60, at par with N100+50P90 and 
Ni5o+5oP6o recorded highest protein yield whereas NisoPeo, at par with N150P90, 
the lowest, and differed from each other by 9.61%. Highest protein yield was 
noted in En 140 followed by En 33 and both were found critically different 
Table 83 . Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on grain ni trogen yie ld (kg ha"') 
of two tr i t icale cult ivars and wheat check. 
Trea tments Cult ivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N150P60 120.86 139.85 108.91 123.21 
N100+50P60 135.48 153.56 116.07 135.04 
Ni5o + 5oP6o 134.36 148.51 116.86 133.24 
N150P90 126.48 141.27 111.38 126.38 
N100+50P90 134.52 155.02 117.42 135.65 
N150+50P90 131.03 144.67 116.42 130.71 
Mean 130.46 147.15 114.51 
N . B . A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cul t ivar (C) = 2.14 
Trea tment (T) = 3.03 
C X T = 5.24 
Table 84. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on protein content (%) of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha ' ' ) 33 140 Wheat Mean 
N,50P60 l ^ ^ 
Nioo+soPeo 14.81 
N,50 + 50P60 15 .19 
N,5oP9o 14 .46 
N100+50P90 14 .75 
N150+50P90 15 .19 
Mean 14.75 15.64 13.64 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.12 
Treatment (T) = 0.17 
C X T = 0.30 
15.38 
15.50 
15.94 
15.44 
15.63 
15.94 
13.31 
13.63 
14.00 
13.31 
13.56 
14.00 
14.27 
14.65 
15.04 
14.40 
14.65 
15.04 
Table 85. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on protein yield (q ha"') of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
_ _ _ _ _ _ _ _ 
Nioo+soPeo 8.47 
N,50 + 50P60 8-40 
N,5oP90 7.91 
N100+50P90 8.41 
N150+50P90 8 .23 
Mean ' ,8.16 9T2O TTTT 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0 . 1 3 
Treatment (T) = 0 . 1 9 
C X T = 0.33 
8.74 
9.60 
9.28 
8.83 
9.69 
9.04 
6.81 
7.26 
7.37 
6.96 
7.34 
7.28 
7.70 
8.44 
8.35 
7.90 
8.48 
8.18 
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from each other and wheat check. En 140 gave 28.31% and 12.75% higher 
protein yield than wheat check and En 33 respectively. Split N x cultivar 
combination gave more protein yield than single N x cultivar. However, split N 
X cultivar interactions when compared with each other were more or less at par. 
Thus, split N100+50 proved optimum for all cultivars whereas split N150+50 proved 
wasteful. It may be noted that all three cultivars gave more or less equal 
response to Peo and P90 in single as well as split nitrogen applications. 
Lysine content 
Only cultivar differences were significant. En 140 and En 33 
significantly surpassed wheat check and was recorded 39.21% and 32.73% 
higher lysine in their protein than wheat respectively. En 140 proved best 
among three (Table 86). 
Lysine yield 
Effect of split nitrogen on lysine yield was significant when compared to 
single nitrogen applications. Optimum lysine yield was recorded in Nioo+soPeo, 
at par with other split N and N150P90 while lowest in N150P60 (Table 87). The 
optimum value was differing from minimum by 10.56%. Cultivar differences 
were significant. Triticale cultivars left wheat check far behind and were found 
to gave 72.28% (En 140) and 47.31% (En 33) higher lysine yield than wheat 
check. Whereas, En 140 was recorded 16.95% higher than En 33. Treatment x 
En 140 gave significantly higher values than treatment x En 33 and treatment x 
wheat combinations. Among the treatments, split N x cultivar interactions gave 
higher values than single N x cultivar combinations except for single N150P90 
which gave at par value with split N150+50P90 in all the three cultivars. However, 
split N X cultivar combinations gave equal values when compared to each 
other. Thus, split N100+50 ^ cultivar proved optimum whereas split N150+50 
proved wasteful. No significant effect of P90 was observed when compared to 
?6Q in single as well as split nitrogen x cultivar combinations. 
Table 86. Effect of single and split N application along with two 
phosphorus doses (Pgo, P90) on lysine content (% of protein) 
of two triticale cultivars and wheat check. 
Treatments 
(kg ha-') 
NisoPeo 
N100+50P60 
Niso+soPeo 
N150P90 
N100+50P90 
N150+50P90 
Mean 
Cultivars 
33 
3.67 
3.68 
3.69 
3.67 
3.70 
3.70 
3.69 
with entry 
140 
3.84 
3.88 
3.87 
3.83 
3.88 
3.89 
3.87 
number 
Wheat 
2.77 
2.78 
2.81 
2.77 
2.78 
2.78 
2.78 
Mean 
3.41 
3.45 
3.46 
3.42 
3.45 
3.46 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.04 
Treatment (T) = NS 
C X T = NS 
Table 87. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on lysine yield (kg ha"') of two 
triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
_ _ _ _ _ _ _ _ _ 
Nioo+soPeo 31.17 
N,50.50P60 31.00 
N,5oP9o 29.04 
N100+50P90 31.11 
N,5o+5oP90 30.45 
Mean 30.08 35.18 20.42 
N.B. A uniform basal dose of potassium (30kg ha ' ' ) was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.90 
Treatment (T) = 1.27 
C X T = 2.20 
33.58 
37.25 
33.67 
33.83 
37.61 
35.18 
18.83 
20.17 
20.70 
22.20 
20.40 
20.21 
26.71 
29.53 
28.46 
28.36 
29.71 
28.61 
107 
Carbohydrate content 
Treatment effect was not clearly pronounced. Split Nioo+soPeo proved 
optimum and was at par with other split N applications and single N150P90, but 
was higher than single NisoPeo (Table 88). En 33 and wheat were at par but 
significantly higher than En 140. Interaction effect was non-significant. 
Carbohydrate yield 
Split N100+50 significantly increased the carbohydrate yield over single 
Ni5o and split N150+50 (Table 89). Optimum value was noted in Nioo+soPeo, being 
at par with N100+50P90, and gave 8.41% more than NisoPgo. The two phosphorus 
doses were at par in single N as well as split N application. En 140 and En 33 
significantly surpassed wheat check and recorded 10.23% and 5.47% more. 
Two triticales were differing by 4.51% from each other. Split Nioo+soPeo ^ 
En 140, being at par with N100+50P90 ^ En 140 recorded the higher value than 
other treatment x cultivar combinations. The lowest values were recorded in 
Ni5oP6o ^ wheat, N150P90 ^ wheat, N150+50P60 ^ wheat and N150+50P90 ^ wheat. In 
general split Nioo^ soPfio proved optimum for all three cultivars whereas split 
N150+50 proved wasteful and single N150 inadequate. 
Straw N content 
Split application of N was found more effective than single application. 
Maximum N content in straw was recorded in treatment N150+50P90, and the 
value differed critically from other treatments (Table 90). The lowest value was 
recorded in N150P60 (being at par with N150P90). The value of optimum dose was 
found 12.53% higher than the lowest one. The highest nitrogen was found in 
the straw of En 140 and it was 7.05% higher than wheat check. En 33 occupied 
middle position recording 2.87% more N content than wheat. As far as the 
interaction effect was concerned, En 140 responded more to single as well as 
split N applications and gave higher values than treatment x En 33 and 
treatment x wheat. Wheat check accumulated comparatively lower straw 
nitrogen among the three. Split N x cultivar combinations gave significantly 
Table 88. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on grain carbohydrate content 
(%) of two triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha ' ' ) 33 140 Wheat Mean 
~Ni5oP6o 79.37 
N100.50P60 80.27 
N,5o.5oP6o 80.29 
NisoPgo 80.21 
N100.50P90 80.31 
N,5o+5oP9o 80.29 
Mean 80.12 78.93 80.04 
N.B. A uniform basal dose of potassium (30kg ha' ' ) was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.58 
Treatment (T) = 0.82 
C X T = NS 
78.00 
80.12 
78.28 
79.07 
79.11 
79.03 
79.35 
79.92 
79.91 
79.91 
80.92 
80.21 
78.91 
80.10 
79.49 
79.73 
80.1 1 
79.84 
Table 89. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on carbohydrate yield (q ha"') of 
two triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
_ _ _ _ _ 42.44 
N,oo.5oP6o 45.89 
N,5o^5oP6o 44.38 
N,5oP9o 43.85 
N,oo.5oP90 45.78 
Ni5o.5oPyo 43.51 
Mean 44.31 46.31 42.01 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.81 
Treatment (T) = 1.14 
C X T = 1.98 
44.34 
49.61 
45.61 
45.22 
49.09 
44.01 
40.57 
42.55 
41.68 
41.78 
43.78 
41.71 
42.45 
46.02 
43.89 
43.62 
46.22 
43.08 
Table 90. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on straw nitrogen content (%) of 
two triticale cultivars and wheat Check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
_ _ _ _ _ 
N,oo.5oP60 0.387 
N,5o.5oP60 0.407 
N,5oP9o 0.379 
N,oo.5oP9o 0.394 
N,50.50P90 0.421 
Mean 0.394 0.410 0.383 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.002 
Treatment (T) = 0.003 
C X T = 0.006 
0.391 
0.398 
0.426 
0.391 
0.420 
0.435 
0.361 
0.370 
0.398 
0.365 
0.394 
0.409 
0.375 
0.385 
0.410 
0.378 
0.403 
0.422 
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higher accumulation of nitrogen in straw when compared to single N x cultivar. 
Among split N applications, N150+50 ^ cultivar accumulated more straw 
nitrogen than N100+50 ^ cultivar, and thus proved optimum, whereas single N150 
and split Nioo+50 proved less effective for all cultivars. Effect of Pgo and P90 was 
more pronounced. P90 recorded higher values within split N x cultivar and thus 
proved best. However, in single N x cultivar, P^ o and P90 gave at par values. It 
may be pointed out that for higher accumulation of straw nitrogen, split N150+50 
with basal applied 90kg P2O5 ha"' proved best. 
4.4.8 Above ground nitrogen yield 
Split nitrogen treatments significantly increased the above ground 
nitrogen yield over single application and the effect of Nioo+soPeo was noted 
optimum (Table 91). P^ o and P90 gave equal effect in each nitrogen treatment. 
En 140 gave the maximum total above ground nitrogen yield, 25.67% and 
11.14% higher than wheat check and En 33. Whereas, wheat check recorded 
the lowest above ground nitrogen yield. N100+50P90 ^ En 140 recorded the 
maximum value and differed significantly from other combinations, whereas 
NisoPeo ^ wheat and N150P90 ^ wheat the minimum. 
4.4.9 Nitrogen harvest index (NHI) 
Split nitrogen N100+50P60 was recorded at par with single nitrogen N150 
application (Table 92). Split application having 200kg N ha'' (N150+50) recorded 
lower nitrogen harvest index when compared to split applications or single 
application having 150kg N ha'', while the effect of Pfio and P90 was at par. 
Cultivar differences were found significant. The highest value was recorded in 
En 140 and it differed critically to that of En 33 and wheat check which were at 
par. En 140 was recorded 2.12%) and 1.37% higher than wheat check and En 33 
respectively. 
4.4.10 Nitrogen yield merit (NYM) 
Split Nioo+soPf.o proved optimum as it gave at par value obtained with 
N100+50P90 and Niso+soPeo and was significantly higher than single N150 and split 
Table 91 . Effect of single and split N appl icat ion along with two 
phosphorus doses (Peo, P90) on above ground N yield 
(kg ha"') of two tri t icale cult ivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N150P60 166.03 187.87 149.46 167.79 
N100+50P60 186.00 206.86 159.85 184.24 
Niso+soPeo 185.44 205.17 165.06 185.22 
N,5oP9o 172.01 188.77 152.47 171.08 
N100+50P90 187.13 213.16 164.75 188.35 
N150+50P90 186.58 202.06 166.34 185.00 
Mean 180.53 200.65 159.66 
N .B . A uniform basal dose of potassium (30kg ha"') was appl ied 
prior to sowing. 
C D . at 5% 
Cult ivar (C) = 2.10 
Treatment (T) = 2.96 
C X T = 5.14 
Table 92. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on nitrogen harvest index (%) of 
two triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha ' ' ) 33 140 Wheat Mean 
_ _ _ _ _ 72.79 
N,oo.5oP6o 72.84 
N150+50P60 71.46 
N,5oP90 73.54 
N,oo.5oP9o 71.89 
N150.50P90 70.24 
Mean 72.29 73.28 71.76 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 0.81 
Treatment (T) = 1.14 
C X T = NS 
74.44 
74.23 
72.38 
74.29 
72.72 
71.60 
72.88 
72.61 
70.80 
73.04 
71.25 
69.97 
73.37 
73.22 
71.88 
73.62 
71.95 
70.60 
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N150+50P90 (Table 93). En 140 and En 33 surpassed the wheat check completely 
in NYM and were recorded 31.24% and 14.80% higher values. En 140 proved 
best and gave 14.32% higher than En 33. Maximum response was noted in split 
N100+50 and the value differed significantly from all other interactions. The 
poorest performance was noted in wheat, which recorded at par values in all 
treatments. It may be noted that cultivar response to Peo and P90 was more or 
less equal. In general, tieatment split N100+50P60 proved optimum for En 140 
and En 33, single N150P60 proved optimum for wheat check, as all other 
tieatments proved wasteful in one way or the other. 
4.4.11 Seed yield merit (SYM) 
Split N100+50P60 proved optimum for seed yield merit, whereas N150P90 
gave the lowest value. Effect of P^ o and P90 was equal except in single N150, 
where P^ o gave significantly higher value. It may be mentioned that the effect 
of split Ni5o^ 5o was again noted as deleterious when compared to optimum 
treatment (Table 94). En 140 proved best among cultivars and gave 9.22% and 
13.44% higher values than En 33 and the wheat check respectively. En 33 and 
the wheat check were at par. Treatment x cultivar interaction effect was not 
pronounced. Split Nioo+50 ^ En 140 gave higher values for SYM, as compared 
to split N150+50 ^ En 140 thereby indicating the optimum effect of split Nioo+5o-
En 33 and wheat check responded poorly to nitrogen application and recorded 
at par values in single as well split N applications. Effect of phosphorus was 
doses at par within two nitrogen applications. Thus, application of 60kg P ha' 
was noted optimum. 
4.4.12 Merit of genotype (MoG) 
Among the split nitrogen treatments, N100+50P60 and N100+50P90 proved 
equally effective while differed critically from other treatments thus, the former 
treatment proved optimum (Table 95). Regarding phosphorus levels (Peo and 
P90) both gave statistically at par values. However, Pec with split Nioo+so was 
1.52% higher than P90 (Nioo+50) and was noted optimum indicating saving of 
Table 93. Effect of single and split N application along with two 
phosphorus doses (Peo, P90) on nitrogen yield merit (NYM) 
of two triticale cultivars and wheat check. 
Treatments Cultivars with entry number 
(kg ha"^) 33 140 Wheat Mean 
N,5oP6o 88.02 
N.oo.soPeo 98.69 
N,50.5oP60 97.43 
N,5oP9o 93.01 
N,oo.5oP9o 96.71 
N,5o.5oP90 92.04 
Mean 94.32 107.83 82.16 
N.B. A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cultivar (C) = 2.42 
Treatment (T) = 3.42 
C X T = 5.93 
104.11 
113.98 
107.49 
105.00 
112.74 
103.63 
79.38 
84.27 
82.74 
81.36 
83.70 
81.51 
90.50 
98.98 
95.89 
93.12 
97.72 
92.39 
Table 94. Effect of single and split N appl icat ion along with two 
phosphorus doses (Peo, P90) on seed yield merit (SYM) of 
two tr i t icale cultivars and wheat check. 
Trea tments Cultivars with entry number 
(kg ha"') 33 140 Wheat Mean 
N,5oPco f 6 J 7 
N,oo.5oP6o 17.38 
N150-50P60 16.52 
N,5oP90 17.13 
N|oo^5oP90 17.06 
N150+50P90 15.67 
Mean 16.69 18.23 16.07 
N .B . A uniform basal dose of potassium (30kg ha ' ' ) was applied 
prior to sowing. 
C D . at 5% 
Cul t ivar (C) = 0.60 
Trea tment (T) = 0.85 
C X T = 1.46 
18.00 
19.57 
17.74 
18.24 
19.27 
16.59 
15.98 
15.82 
15.69 
16.59 
16.81 
15.52 
16.78 
17.59 
16.65 
17.32 
17.71 
15.92 
Table 95. Effect of single and split N applicat ion along with two 
phosphorus doses (P(,o, P90) on merit of genotype (MoG) of 
two tr i t icale cult ivars and wheat check. 
Trea tments Cultivars with entry number 
(kg h a ' ) 33 140 Wheat Mean 
N,5oP6o 1441.26 1874.43 1264.64 1526.78 
NIOO^SOPGO 1716.47 2231.02 1332.84 1760.11 
N,5o^5oP6o 1617.65 1907.30 1298.57 1607.84 
N,5oP9o 1593.62 1920.32 1352.38 1622.10 
N,oo^5oP9o 1617.72 2173.60 1409.81 1733.71 
N150-50P90 1443.70 1721.08 1266.73 1477.17 
Mean 1571.74 1971.29 1320.83 
N . B . A uniform basal dose of potassium (30kg ha"') was applied 
prior to sowing. 
C D . at 5% 
Cul t ivar (C) = 94.39 
Trea tment (T) = 133.49 
C X T = 231.22 
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30kg P ha''. Both the triticale cultivars En 140 and En 33 surpassed wheat 
check. En 140 gave 49.25% and 25.42% higher value than wheat and En 33. 
Split N100+50 ^ cultivar gave higher values than split N150+50 x cultivar and 
single Ni5o x cultivar combinations, thus proved optimum. Whereas, split 
N150+50 proved deleterious in triticale while luxury in wheat and single N150 as 
less effective. Effect of two phosphorus doses Peo and P90, within single N x 
cultivar and split N x cultivar recorded at par values except in split N150+50 x 
En 33 and split Niso+50 x En 140, where Peo recorded significantly higher value 
than P90. Lastly, it may be pointed out that application of topdressed 50kg N ha" 
' at tillering along with 100kg N ha' as a starter dose, with a basal 60kg P ha"' 
and 30kg K h a ' application proved optimum for all cultivars. 
DISCUSSION 
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CHAPTER-5 
DISCUSSION 
5.1 Cultivar differences 
Crop species differ in their morphological and physiological 
characteristics as also in their response to the environment. Genetic variability 
is supposed to be largely responsible for such observations (Fageria el al., 
1991). In agricultural crops, therefore, genetic potential must be of sufficient 
magnitude and flexibihty so that it may be useful over a wide range of 
agroclimatic conditions. This accounts for differences in crop productivity and 
simultaneously allows a particular crop or cultivar to adapt itself to a particular 
enviroimiental condition (Day, 1973; Lafever, 1981; Heinrich et al., 1983; 
Mahon, 1983; Bruckner and Frohberg, 1987). 
The main drawbacks of early triticales, which limited its acceptance as a 
crop, were poor germinability, grain shrivelling and low test weight (Zillinsky 
and Borlaug, 1971a) as also susceptibility to lodging and late maturity 
(Zillinsky, 1974). However, the cultivars tested in the present study exhibited 
significant improvement in these traits. On an average, all the 200 cultivars 
(Experiment I) registered better germination (92%) with marked improvement 
in 9 cultivars, which competed well with the local wheat check by recording 
100% germination (Table 7). Such remarkable improvement may be due to the 
better grain development and improved genetic constitution, as was evident 
from their higher 1,000 grain weight as compared to earlier triticales. The 
higher germinability of these cultivars may be considered advantageous as it 
favoured high plant population which has a determinant role in the increase of 
grain yield at harvest. 
Similar improvement was also recorded in lodging resistance, early 
heading and maturity of these cultivars which may presumably be due to the 
introduction of short statured and early maturing cultivars (Rodriguez, 1988; 
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Varughese, 1988). On an average, the tested triticales showed only 10.45% 
lodging and of the 200 cultivars, 26 were highly resistant and exhibited zero 
percent lodging (Table 7). Therefore, the availability of comparatively short 
statured plants was found beneficial as it reduced grain losses due to lodging. 
Similar improved triticale lines were also identified in the 18 '^ ITSN (Abdalla 
et al., 1989) and in the 2V' and 22"*^  ITYNs and ITSNs (Pfeiffer e/ al., 1993; 
1994). 
Early triticales were also reported to give poor response to even low and 
medium doses of applied nitrogen due to their susceptibility to lodging. 
However, in the present study, only the higher doses were found to cause some 
lodging irrespective of single or split application. All cultivars were found 
lodging resistant to nitrogen range No - N200 either applied in single 
(Experiment II) or split (Experiment IV) when compared according to the 
original lodging scale (0 - 9). Marked higher resistance was recorded in 
Ens 186, 13, 130 and 18 being on an average below 10% under all nitrogen 
regimes whereas. Ens 8, 28, 33, 65 and 140 exhibited below 25% lodging. 
These observations are in line with some earlier reports recommending higher 
dose of N ranging between 120 to 200kg ha' (Anonymous, 1979a, Bruckner 
etal., 1998, Tarannum, 1998, Anonymous, 2000). 
Triticale, on an average, headed at 90 DAS while the wheat check 
headed earlier ( 9 - 1 0 days less than the average of triticales). However, 
Ens 71, 61-70 and 160 showed significant improvement in heading and 
competed well with the wheat check. Considering maturity, triticales were 
ready for harvest at 150 DAS in comparison to wheat which matured at 
141 DAS. None the less, three cultivars (Ens 63, 64 and 96) were close to the 
wheat check taking 144 DAS to mature. In some triticales, the heading date 
was not always related to maturity. Cultivars which headed early reached 
maturitj' more or less on the same date as the other cultivars which headed 
comparatively later (Experiment I). These observations were also made in 
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Experiments II, III and IV. Thus, heading date is not always an accurate 
measure of maturity. Van Sanford (1985) found that two entries in Red Winter 
Wheat Nursery flowered 8 days apart but reached maturity at approximately 
the same time. 
Improvement regarding both these traits was observed in the cultivars 
tested when compared to earlier triticales. Early maturity may reduce the 
chances of pre-harvest sprouting (vivipary) as well as exposure to high 
temperatures which is normal for Aligarh after 10* April (Fig. 1) or similar 
other locations, as prolonged high temperature during grain filling may cause 
shrivelling of seeds in triticales (Bruckner et ai, 1998). Application of 
nitrogen, specially excess N (N200), was found to delay maturity by 1- 4 days. 
However, this delay did not affect productivity markedly. It is noteworthy that, 
ever since its origin, triticale has been known to possess a potential for high 
disease resistance. So, it was not surprising that most of the new cultivars 
showed resistance to disease, particularly rust (Table 7). 
5.1.1 Vegetative growth 
Triticale, as a hybrid of wheat and rye, has better chances for survival as 
it has received the genome from both the parents, having tolerance to 
temperature extremes with particular reference to "R" genome from rye, which 
has an adaptive advantage of temperature and moisture extremes (Varughese 
ef ai, 1996b). The tolerance of these new cultivars to the local temperature 
extremes confirms their adaptive capabilities as is also evident from tlieir 
overall performance. However, the major drawback of many cultivars in the 
screening trial (Experiment 1) was their low tillering capacity which manifested 
ultimately in their low grain yield (Tables 8, 9). Vegetative gro*yth before ear 
emergence has considerable influence on grain yield as it not only affects the 
potential surfaces available for photosynthetic activity after emergence of ears 
but also influences the number and size of the photosynthetic sites (Thome, 
1966). It is this source that mainly provides the products to the sink, thereby 
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highlighting the dependence of the reproductive phase on the vegetative phase. 
The view has also been shared by Yoshida (1972) and more recently by 
Oscarson (2000). Correlation analysis based on the data of the present study 
also confirm this proposition as growth characteristics and photosynthetic rate 
were positively correlated to grain yield (Tables 96, 97). 
In Experiments II and III, En 140, with its better adaptive capacity, 
performed best in almost all the growth characteristics surpassing the other 
cultivars as well as the wheat check. Its superiority was maintained upto the 
final growth stage. As indicated by the data, its high tillering capacity and 
better developed canopy were helpful in trapping more solar radiation and in 
producing more dry matter compared to other cultivars (Tables 17, 47). This 
was also reflected in its higher crop growth rate. Its greater efficiency in 
absorption and retention of water as exhibited by its higher fresh weight 
(Tables 16, 46) together with better absorption of nutrients in addition to 
superior growth performance is an indicator of its improved genetic make-up 
that enabled it to surpass the locally popular wheat check (HD-2204). 
En 33 followed En 140 with regard to most of the growth characters. 
However, as it produced comparatively taller plants due to enhanced intemodal 
growth, it was noted to exhibit more susceptibility to lodging. However, higher 
tillering capacity with a well developed canopy, higher fresh weight, dry 
weight, CGR and photosynthetic rate helped En 33 also to surpass the wheat 
check and get a position next only to En 140 with regard to growth parameters. 
Two cultivars (En 28 and En 186) gave values at par with those of wheat in 
terms of plant height while En 18 and En 130 produced comparatively shorter 
plants (Experiments II and III) when measured at the final growth stage. This 
indicates a marked improvement in these newly evolved cultivars, as tall plants 
are considered a major drawback leading to low yields due to lodging. In 
addition consumption of photosynthates in unproductive growth is also 
responsible for poor yield. 
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However, it is noteworthy that although several cultivars produced more 
tillers per plant and superior leaf canopy, only En 140, En 33 and En 28 could 
surpass wheat in ear production, indicating tiller mortality and/or failure to 
form fertile heads in less productive cultivars. Similar observations have been 
made by Thome (1962) and Simmons et al. (1982) in barley, Thome and Wood 
(1988) in wheat and Ashfaq (1986) in triticale. 
5.1.2 Yielding ability 
From the yield data (Experiment I), it may be noted that grain yield of 
the 200 triticales tested varied from 22.14q ha"' to 54.95q ha'' with an average 
of 36.17q ha"', whereas, the wheat check produced 47.0q ha"'. Five cultivars 
(Ens 140, 33, 28, 8 and 18) out-yielded wheat, while four (Ens 65, 13, 130 and 
186) closely followed wheat in grain yield. These observations indicate a rapid 
improvement in this man-made crop, for its origin dating back to the year 1875 
only, gone tlirough a very short period (less than 200 years) of development, 
establislmient and adaptation. In comparison with wheat which had its origin, 
development and cultivation history spanning about 6000 years (Hill, 1952). 
Triticale has similar higher yields under varied environmental conditions where 
one or more triticale cultivars out-yielded the local wheat check have been also 
reported at Aligarh and elsewhere (Moinuddin, 1986; Tarannum, 1998; 
Rao et al., 2000; Salmon el al, 2000). 
While comparing the yield parameters, most of the cultivars tested 
suipassed wheat in ear length, spikelet number and grain number per ear but 
were poor in ear production and 1,000 grain weight. It was possibly because of 
these drawbacks that most of the triticales yielded less than wheat. Taking 
grain yield as a criterion of adaptation (Finlay and Wilkinson, 1963; Kondora 
et al., 2000), it may be pointed out that five cultivars namely, Ens 140, 33, 28, 
8 and 18, yielded more than wheat, under conditions of Aligarh, and may thus 
be termed as fully adaptive, whereas, 99 cultivars (Table 9) which gave 
comparatively lower grain yield than wheat but still surpassed the mean yield 
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of the 200 triticales tested may be graded as possessing average adaptability. 
The remaining 96 cultivars which yielded less than the wheat check and also 
less than the mean of all triticales may be treated as poorly adaptive. 
Considering Experiments Il-IV, En 140, followed by En 33, proved 
superior to wheat by consistently giving higher grain yield (Figs. 3, 4, 5). It 
may be recalled that most of the vegetative characteristics, as also net 
photosynthetic rate, were maximum in these cultivars, indicating that the grain 
filling process operated at the optimum rate in these cultivars which culminated 
grain yield. Considering the yield attributes. En 33 surpassed by the wheat 
check in 1,000 grain weight and harvest index, which highlighted the 
superiority of wheat for the production and translocation of photoassimilates 
during grain filling. 
Harvest index, considered as a reliable measure of the performance of 
cereals (Yoshida, 1972) did not present a clear picture while comparing En 140 
and En 33 with wheat. For that, seed yield merit (SYM) and merit of genotype 
(MoG) were computed in Experiment IV, as MoG takes into account some of 
the most desirable traits and acts as a good indicator of plant performance 
(Imsande, 1992). En 140 gave maximum values for both these traits and thus 
confinned its superiority as noted above, followed by En 33 and the wheat 
check, in that order. 
On the other hand. Ens 28, 8 and 18 showed fluctuation in their yielding 
ability. En 28 and En 8, which gave higher values in Experiment I, were at par 
with the wheat check in Experiment II, while they lagged behind wheat in 
Experiment III along with En 18, and joined the other cultivars (Ens 13, 65, 
130 and 186) which were surpassed by the wheat check in all the trials. 
Differences in yielding ability of these cultivars may be traced primarily to 
their genetic variability (Abdalla el ai, 1986; Fagaria et al., 1991) and poor 
adaptability. However, lower ear production and 1,000 grain weight may also 
be responsible for lower yield of these cultivars. It is noteworthy that, through 
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their consistent efforts, plant breeders, agronomists and physiologists have 
succeeded in improving the 1,000 grain weight in triticales, although 
admittedly a majority of triticales still lag behind wheat in this important 
parameter. So, it was not surprising that the cultivars Ens 13, 8, 18, 28, 65, and 
130 were poorer than the wheat check with regard to 1,000 grain weight. The 
hai-vest index (HI) was also lower in these cultivars as also in En 186, 
suggesting an unequal distribution of photoassimilates, as the major portion of 
dry matter produced remained in the straw as recorded by their higher above 
ground biomass. The observed higher straw to grain ratio in these cultivars 
suggests that there is still scope for enhancing their harvest index by bringing 
out improvement in the yield components like ear number and 1,000 grain 
weight. 
5.1.3 Grain quality 
The superiority of the grain protein content and quality which were 
inherited from the parents were the major factors that prompted the cultivation 
of triticales for commercial purposes both for human consumption and as 
animal feed (Varughese et al., 1996b). In fact, there are a number of reports 
from India and abroad highlighting that triticales possess grains richer in 
protein than do the wheat check (Villegas, 1973; Moolani and Wagle, 1976; 
Alvi, 1984; Mosse et al., 1988; Bakhshi el ai, 1989; Fatima, 1993; Shah, 
1995). 
Most of the triticales tested in Experiment I proved superior to wheat 
with regard to grain N and protein percentage. Among the selected nine 
cultivars (Experiments II and III), the grains of En 186 were found to be 
comparatively superior in protein content. The observation may be associated 
with high N uptake efficiency and high NRA noted in this cultivar. The same is 
also supported by correlation analysis (Tables 96, 97) where both leaf N and 
NRA were positively correlated with grain protein content. En 140, on the 
other hand, gave at par values with En 130 and was a close second to En 186 in 
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Experiment II. However, in Experiment III, En 140 was at par with En 186. 
This improvement shown by En 140 might be due to its better response to 
phosphorus leading to enhanced N uptake through positive interactions 
(Russell, 1973). The rest of the cultivars were not distinct in differences and 
were at par in one way or the other. 
In Experiment IV, maximum protein content was recorded in En 140, 
followed by En 33 and wheat. According to Krammer (1979) and Jermer el al. 
(1991), cultivar differences in protein content can be attributed to differences in 
their N uptake capability from the soil before anthesis and its translocation 
from vegetative tissues to the developing grain. It is noteworthy that both 
En 140 and En 33 gave more protein yield in all trials, which was mainly due 
to their higher grain yield. It may be mentioned that En 186, though yielding 
comparatively less, stood next to En 33 in protein yield (Experiment III). The 
other cultivars were more or less at par with the wheat check in their protein 
yield. The superiority of En 140 and En 33 over wheat could also be explained 
by their higher values for nitrogen harvest index (NHI) and nitrogen yield merit 
(NYM) in Experiment IV. It was found that En 140 gave higher values for both 
these traits, highlighting its high N utilization efficiency and efficient 
partitioning of reduced nitrogen towards the economic sink during grain filling, 
whereas the wheat check was found less efficient and En 33, an intermediate. 
Such studies where NHI has been considered for differentiating cultivars were 
also carried out by Cassman et al. (1992) and Ortiz-Monasterio et al. (1997) in 
wheat and Ellen (1993) and Fossati et al. (1993) in triticale. Whereas both NHI 
and NYM were taken as differentiating traits by Imsande (1992) for soyabean 
genotypes and by Lone (2001) for mustard genotypes. 
The biological value of protein depends upon the proportion of essential 
amino acids, of which lysine is the most important (Hulse and Spurgeon, 1974; 
Pond el al., 1995). Being an intergeneric hybrid, triticale has received the high 
lysine content of rye. So, it was not surprising that the triticales tested in the 
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present study (Experiments II, III and IV) showed higher lysine content in their 
protein and clearly surpassed the wheat check, thereby, highlighting their 
nutritive superiority. On the basis of this trait, in addition to those discussed 
above, triticale merits to be recommended as a feasible alternative to wheat in 
the diet of monogastrics, poultry and human beings (Gatel et ai, 1984; 
Erickson and Elliott, 1985; Mc Ginnis et al., 1985; Myer et ai, 1990; 
Varughese et al., 1996b; Bruchner et ai, 1998). 
Among the triticales tested. En 186, which recorded higher values for 
protein content, was found to contain comparatively lower lysine content. 
Similar observations were also recorded in En 18. In contrast. En 13 and En 33 
which v/ere lower in grain protein content, recorded comparatively higher 
lysine content. In tiiticales and other cereals, variation has been examined in 
the amino acid composition of the grain, particularly lysine, as a function of 
grain N (protein) content. With increasing grain N, the proportion of lysine 
content has been noted by other workers also to decrease and vice-versa 
(Mosse et al., 1988; Bulman et al, 1994). However, marked improvement was 
observed in at least two cultivars (En 140 and En 130) which were rich in both 
protein as well as lysine. Therefore, development of cultivars with better 
nutritive value, having both higher protein as well as lysine content, may be 
among the top priorities of triticale breeders. 
Unlike grain protein and lysine contents, where the wheat check proved 
inferior to triticale, the carbohydrate content of the wheat grain as also of En 33 
and En 13 was higher compared with the other cultivars. While En 186, En 140 
and En 130 which were richer in protein recorded comparatively lower values. 
According to Penning de Vries et al. (1974), the possible reason for high 
proteinic cultivars possessing lower grain carbohydrate may be that more 
photosynthates are consumed by these high proteinic cultivars in the process of 
protein synthesis rather than that of carbohydrate synthesis. Similar findings 
(N accumulation and carbohydrate synthesis competing for energy and carbon 
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skeletons during the reproductive phase of small grain cereals) have been 
reported by Bhatia and Rabson (1976) Austin et al. (1977) and Benziger el al. 
(1994). In carbohydrate yield, the cultivars followed the same trend as was 
observed in grain yield, with En 140 at the top, followed by En 33 and wheat. 
The rest of the cultivais in Experiments 11 and 111 were inferior to wheat due to 
their lower grain yield. 
5.2 Effect of fertilizer application 
Like other inputs as also the agroclimate, the applied fertilizers 
particularly N, P and K, play an important role in the manifestation of the 
genetic potential of a crop. 
5.2.1 Vegetative growth 
In Experiments II and 111, in general, growth parameters like shoot 
length, tiller number, leaf number, fresh weight, dry weight, CGR and 
photosynthetic rate responded linearly to increasing doses of applied nitrogen 
and phosphorus. Attention may be drawn to well established role of NPK 
supplied through fertilizers in cell division, elongation, expansion and 
differentiation as also in biochemical reactions (Langer, 1966; Black, 
1968; Gardner et al., 1985; Patnaik, 1987; Mengel and Kirkby, 1996). In 
Experiment II, differential response of various growth parameters to N supply 
was observed. Thus, N150 proved optimum for shoot length, CGR and net 
photosynthetic rate at the three stages of growth, while maximum tillers were 
produced with N200, at early stages, which highlighted wasteful consumption, 
as many of the tillers failed to form ears (Table 24). It was further confirmed by 
the higher dry matter production at early growth stage in N200, and the same 
response as to N150 at milky grain stage, mainly due to tiller sterility and also 
mortality at this stage. Moreover, the increased response of dry weight was due 
to increased plant height, number of leaves, CGR and photosynthesis, as also 
shown by correlation analysis (Table 96). It may be mentioned that nutrients as 
such do not play a direct role in enhancing the dry weight, rather their 
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availability in plant tissues and involvement markedly influences the rate of 
photosynthesis (Longstreth and Nobel, 1980) which has a direct influence on 
dry matter accumulation. 
Treatment Peo proved optimum along with N150 (Experiment III) for 
most of the growth characteristics. Similar dose has been recommended by 
Fatima (1993) and Tarannum (1998), thereby highlighting the effectiveness of 
balanced N and P nutrition as their interaction effect brings out the full 
realisation of the genetic potential with respect to growth and yield of a crop. 
Wliile highlighting the interaction of P with other nutrients and vice versa, 
Russell (1973) stated that, "If two factors were limiting or nearly limiting 
growth, adding only one of them will have little effect on growth, while adding 
both together will have a considerable effect. Two such factors are said to have 
a large positive interaction in such circumstances, for the response of the crop 
to both together is larger than the sum of responses to each separately". 
5.2.2 Leaf N,P,K and NRA 
The status of the nutrients within plants may be assessed by leaf analysis 
as leaves are major re^rvoirs and may serve as a tool for diagnosing nutrient 
availability in soil and as a reliable guide for fertilizer recommendations. 
Moreover, NRA also acts as an indicator of nitrogen requirement (Abdin et a/., 
1992; Ahmad and Abdin, 1999). In Experiment II, increasing doses of nitrogen 
were found to increase leaf N and K as also NRA at all stages of growth while 
leaf P increased only at tillering. The uptake of nitrogen as nitrate and its 
conversion to nitrite by leaf NRA was noted to be maximum in N200 at the early 
stage but at milky grain stage it was optimum in N150. Such higher N uptake 
and high NRA at early stage might be due to the higher soil N availability 
with added N fertilizer. The increase in leaf N due to fertilizer N is not 
surprising and is well documented whereas increase in NRA on account of 
fertilizer N has been reported by Moinuddin (1986) and by Fatima (1993) in 
triticale and by Bose and Sarma (2000) and Kumar and Singh (2001) in maize. 
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The increase in NRA due to fertilizer N was because NR is a 
substrate-dependent enzyme. Increasing the N level in the fertilizer would be 
expected to increase its absorption and translocation to leaves, which act as a 
major site for its reduction. The higher leaf nitrate level might be responsible 
for higher NR activity as nitrate acts as an inducer as well as stabilizer for 
nitiate reductase (Hewitt and Afridi, 1959; Afridi and Hewitt, 1964; Reed 
etai, 1980; Campbell, 1999). 
In Experiment III, the concentration of leaf N and P increased with P 
application (Tables 49, 50) whereas K content remained unaltered. It may be 
pointed out that K interaction with P was less evident in the literature than 
those with some other nutrients. For example, Adams (1980) is of the opinion 
that there was little evidence to support the concept of P-K interaction in the 
plants except as a part of cation-anion balance system in which organic acids 
play a significant role. The increase in leaf P content was probably due to 
addition of P fertilizer which increased the soil P availability. On the other 
hand increased uptake of N by P fertilizer (Experiment III) and increased 
uptake of P by N fertilizer (Experiment 11) was due to positive interaction of N 
and P as pointed out by Russell (1973). Similarly, the increased K content due 
to fertilizer N (Experiment II) may also be due to the positive interaction of N 
and K as concluded by Murphy (1980). Nitrogen as an essential macro-nutrient 
has a distinction being absorbed by the plants as cation as well as anion. This 
puts nitiogen in a unique relationship of both an anion-cation as well as 
cation-cation interaction with K*, which is the only monovalent cation among 
the essential nutrients. 
The positive effect of P on leaf NRA seemed to be indirect. It affects the 
phosphorylation and diversion of simple sugars towards respiration as a result 
of which release of photosynthates and their oxidation produces more reducing 
power subsequently for nitrate-mediated NO3" reduction. It may be added that 
leaves are an important sink for photosynthetically produced reductants 
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(Marschner, 1986; Kaiser and Brendle-Behnisch, 1991; Fonseca et al., 1997). 
Lastly, the increased leaf N concentration due to P application, may also be 
responsible for increased NRA as pointed out earlier. 
Not surprisingly, leaf nutrient concentration decreased in both 
experiments (II and 111) with plant age. Most probably this was due to the 
exponential increase in growth, as a result of which higher quantities seemed to 
be lower when expressed on per unit basis-the so called "dilution with growth 
effect". The remobilization of nutrients from canopies to developing grains 
during ear emergence and grain filling may also be responsible for depletion of 
nutrients in leaves. Similar decreasing nutrient trend with age has also been 
reported in rice and wheat elsewhere and in triticale, barley, radish, turnip and 
mustard at Aligarh. It may be pointed out that, among the three major nutrients, 
the concentration of leaf K was highest. One reason for this observation may be 
the high soil K availability (Table 1) and its higher mobility, permeability and 
uptake (Mengel and Kirkby, 1996). 
Lastly, the perusal of Tables 96 and 97 established that leaf N and NRA 
were highly correlated positively with grain protein content. It may be 
concluded that a reliable prediction could be made at early growth stages about 
the quality of grains by rapid assay of leaf N and NRA, as employed in the 
present case, and if found low, corrective measures could be undertaken. 
5.2.3 Yield characteristics 
Grain yield, which is the fmal outcome of any crop, is the integrated 
result of various activities occurring during growth and development. In 
cereals, the yield consists of different components, which collectively 
determine the yield level (Yoshida, 1972; Anderson, 1986; Bulman and Hunt, 
1988). 
Experimental results (Experiment II), showed a differential response of 
yield attributes, including grain yield, to N stress (No), adequate N (N150) and 
excess N (N200) levels. It was found that nitrogen deficiency NQ-NIOO decreased 
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grain yield because it had an adverse effect on the yield contributing characters, 
crop growth and even photosynthesis which ultimately affected the assimilate 
supply to the developing ears. However, application of nitrogen at the optimum 
level (Ni5o), improved most yield attributes, including grain yield. However, no 
single trait seemed to show fiiU response to N supply: rather individual 
processes, that were integrated to each other were responsible for increased 
grain yield. For example, at adequate N level, plants possessed more and longer 
ears that contained more spikelets and grains than under N stress (No) and N 
deficiency (Nioo)- It was evident that the cumulative effect of these two 
parameters together with increased 1,000 grain weight resulted in increased 
grain yield. Higher grain yield with adequate N application can also be 
explained on the basis of the vegetative behaviour of the crop, as is evident 
from coirelation analysis (Table 96). N application increased the vegetative 
stiTictures leading to more nutrient uptake and increased photosynthesis while 
its positive effect on the reproductive structures accounts for higher sink 
development (grains). This is also supported by the increased proportion of 
total above ground dry matter to grains (harvest index) from No to N150 
(Table 32). Excess N application on the other hand, gave lower grain yield due 
to its deleterious effect which resulted in reduction of ear number, ear weight, 
grain number and 1,000 grain weight in addition to some loss due to lodging 
(Table 10). Further, as a result of excessive vegetative growth, some of the 
assimilates produced before and at grain formation were wastefully utilized to 
generate new vegetative structure, resulting in source-sink imbalance. This was 
clear from higher straw yield and lower harvest index in this treatment. 
Wliile considering the details of phosphorus application 
(Experiment 111), Peo was responsible for better development of sink 
components (ear number, ear weight, spikelet number and grain number). As a 
result grain yield increased significantly, while P90 showed only luxury 
consumption as it did not adversely affect yield. It may be pointed out that in 
125 
P deficiency, plant roots retained larger part of the absorbed P while with the 
supply of high P, the leaves and stems accumulated larger proportion of the 
absorbed P and retained much of it until senescence, rendering the sink unit 
low in availability. In the case of adequate P supply, roots retain a small 
quantity of the total P applied and distribute the rest to the developing parts in 
addition to the translocation of P from stem and leaves to developing grains 
(Ozanne, 1980). The increased ear production and ear weight (Tables 54, 55) 
under Peo indicate the involvement of P in the production of fertile tillers and 
proper partitioning of photosynthates between vegetative and reproductive 
parts. Similarly, P also played an important role in enhancing spikelet number 
and grain number. However, minor variations were observed in 1,000 grain 
weight (Table 59) where P90 proved beneficial by swinging the partitioning of 
some photosynthates towards grain filling as noted in some cereals. However, 
inspite of giving higher 1,000 grain weight, this treatment could not increase 
the grain yield to a significant level and recorded at par values with P(,o in grain 
yield and other yield attributes. Thus, the application of an extra 30kg P ha"' 
proved wasteful. That the increase in yield was directly related to enhanced 
vegetative growth, as well as increased yield components, is also confirmed by 
coiTelation analysis (Table 97) where these parameters were found to be 
positively correlated with grain yield. 
In Experiment IV, the data obtained confirmed by and large that split 
application of nitrogen as Nioo+50 proved better than single application of N150 
as well as excess dose, applied in split (N150+50)- The most striking effect of this 
split dose was the increased number of fertile tillers (Table 73), followed by 
increased ear weight (Table 74), spikelet number and grain number (Tables 76, 
77) which ultimately resulted in increased grain yield. This is also brought out 
through correlation studies where yield attributes may be noted to be positively 
coiTelated with grain yield (Table 98). As mentioned earlier, much of the 
nitrogen applied as full single dose is rendered unavailable through losses due 
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to various reasons, rendering the anthesis and postanthesis phases, nutrient 
deficient. Admittedly, top dressing, after the crop has grown to a particular 
stage, is a standard agricultural practice, specially in wheat and other cereals, as 
pointed out by Ellen and Spiertz (1980), Grant et al. (1985), Johnston and 
Flower (1991), Cassman et al. (1992), Peltonen (1993), Bulman and Smith 
(1994), Bulman el al. (1994), Sowers et al. (1994a, b) and Destain el al. 
(1997). 
Application of P90 with single or split N application could not match the 
effectiveness of P60, thus, confirming the findings of Experiment III. From the 
grain yield data, it was clear that split application of nitrogen, N100+50 with Pfio 
was the best combination confirming the role of balanced nutrition as well as 
the effective role of split application. This was also strongly supported by seed 
yield merit and merit of genotype, which gave highest values in this treatment. 
Similar studies, where SYM and MoG were considered for differentiating the 
effect of treatments, were carried out at Aligarh by Khan et al. (2000) and Lone 
(2001) while working on mustard. 
5.2.4 Grain quality 
Increasing the grain yield alone by cultural practices or genetic changes 
cannot serve the purpose of improvement of a crop unless its nutritive value is 
improved. Nitrogen, being the principal component of protein, its application to 
cereals, including triticale, is supposed to be one of the main factors 
responsible for higher grain protein content. In the present study, it was found 
that N application (Experiments 11 and IV) significantly increased the grain N 
content which correspondingly increased the grain protein content compared to 
the N-stress (No) and N-deficient (Nice) doses. Contrary to observations on 
grain yield, grain N and protein content increased linearly recording an increase 
of 14.42% in N200 as compared to No (Experiment II). Such favourable effect of 
higher nitrogen doses on protein content has also been reported earlier in 
cereals, includmg triticale. As for grain yield, split N application 
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(Experiment IV) proved beneficial for both grain N and protein content, the 
greatest increase being noted in the treatment N150+50. This confirms the results 
of Experiment II, where also the highest dose of N (N200) proved most 
effective. The increase in grain protein content due to the application of high 
doses of fertilizer N, as observed in Experiments II and IV, might be due to 
higher reserves of N stored in vegetative parts, which may later be remobilized 
to the grains of lower sink strength (Peltonen, 1993; Kattlewell, 1996; 
Ortiz-Monasterio et ai, 1997). Also, ready availability of N from soil at later 
growth stages, due to split N application (Experiment IV), might be responsible 
for higher protein, as this N may be directly translocated to the developing 
grains besides the remobilization of N from the vegetative "source" at later 
phase (Cassman ef al., 1992). It may be pointed out that increase in the protein 
content due to application of excess N either a single (Experiment II) or split 
operation (Experiment IV) was associated with the decrease in grain yield 
under this treatment. Similar inverse relationship was noted by Johnson et al. 
(1984), Benziger et al. (1992), Zebarth and Sheard (1992), Fossati et al. (1993). 
As a consequence of the most favourable effect of N150 (either as single or in 
split application as N100+50) on grain yield, the value for protein yield ha"' on 
diy weight basis (grain yield) was computed and found to be highest under the 
same treatments in Experiments II and IV respectively. Mention of the 
obsei-vation of Krammer (1979), that, "with a progressive increase in N supply, 
the coefficient of correlation between grain yield and grain N concentration of 
a given cultivar is initially zero, becoming positive and thereafter diminishing 
through zero to negative as a result of over fertilization" appears to be relevant 
in the above context. 
Interestingly, the grain lysine content was enhanced significantly with 
increasing N doses and an increase of 2.03% was recorded for treatment N150 
over the control, as also total lysine yield (Tables 36, 37). Bruckner et al. 
(1998) reported an increase in lysine upto 150 lb N acre"' (168.15kg N ha"'). 
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However, the data of present investigation was found contradictory to some 
earlier reports, which recorded decrease in lysine content with increasing N 
levels (Aziz, 1991; Mosse et ai, 1988). It may be mentioned that split N 
application did not alter the lysine content when compared to single N 
application, confirming the observation of Bulman et al. (1994) on barley, 
where lysine content was not significantly different between foliar application 
and topdressing, while comparing with single application, lysine content was 
significantly reduced with foliar applied urea than with top dressed ammonium 
nitrate. 
Contrary to the beneficial effect of N on protein and lysine content, P 
application did not alter these quality characteristics. It may be significant to 
note that P nutrition has no important role to play with regard to the quahty of 
grains (Hanway and Olson, 1980), except under deficiency conditions. For 
example, delayed maturity is more common in deficiency, indirectly affecting 
grain quality. However, application of P fertilizer in sufficient quantity helps 
recover this situation. However, it merits mentioned that protein and lysine 
yield was highest at Pfio, at which grain yield was also maximum. 
Contrary to observations on protein and lysine, increasing levels of P, 
upto Pf,o, were found to increase carbohydrate content significantly, an increase 
of 2.33% over the control being recorded. The same treatment also increased 
carbohydrate yield which was due to the recorded higher grain yield as 
recorded earlier. The increase in carbohydrate content might be due to the 
increased photosynthetic rate by application of P (Table 53) and its role in 
energy rich ATP and NADP (Fatima, 1993). 
5.3 Conclusion 
1. The present study clearly indicates that the agroclimatic conditions of 
Aligarh are well suited for the commercial cultivation of some selected 
triticales. 
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2. Triticales tested showed on an average better germination (92%) with 
nine cultivars showing marked improvement (100%). 
3. More than 25 triticales tested in the present trials were found resistant to 
lodging, matched the wheat check and may, therefore, be categorised as 
lodging resistant. 
4. Improvement in days to heading and maturity was also observed. 
However, 6-14 more days were taken when compared with wheat. 
5. Most of the triticale cultivars were found rust resistant. 
6. Triticale proved better than the wheat check in terms of grains ear'' but 
poorer in 1,000 grain weight. However, considerable improvement was 
noted in the present triticales when compared with earlier studies at 
Aligarh and elsewhere on older cultivars. 
7. Triticale cultivars En 140 and En 33 showed a high degree of 
adaptability with respect to growth, yield and quality characteristics in 
all the trials. 
8. In grain quality, triticale proved better in protein percentage and it was 
also richer in lysine in comparison to wheat. However, in carbohydrate 
percentage wheat proved better than most of the triticales. 
9. Based on growth, yield and quality, 150kg N ha"', with 60kg P ha"' and 
30kg K ha"', proved effective for maximum exploration of the genetic 
potential of these cultivars. While the higher doses of nitrogen as well as 
of phosphorus proved wasteful. 
10. Split application of nitrogen (Nioo+so) through top dressing at tillering 
proved more beneficial than single application of equivalent quantity 
(Ni5o) at sowing. 
11. Thus, for the agroclimatic conditions of Aligarh, the two cultivars En 
140 and En 33 may be recommended to the local farmers for 
commercial cultivation. 
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5.4 Future plan of work 
The experiments have helped in selecting at least two cultivars best 
adapted to the local agroclimatic conditions. However, it may be admitted that 
the study was limited due to restricted time, facilities and quantity of seeds 
when it was started. It may be proposed to extend the study in future on the 
following lines. 
1. The cultivation of selected cultivars must be tested on a larger scale by 
involving the local farmers at their fields. 
2. Optimum seed rate may be worked out as the germinability of crop has 
been noted to have improved. 
3. The application of potassium and chemicals like chlormequat may also 
be tested, as they have an important role in lodging resistance. 
4. Estimation of some other quality characteristics like gluten and studies 
on milling and baking quality may be undertaken and the grains 
obtained may be tested for "Chapatti" and "Buns" (local baked bread) 
making industry. 
5. The feed value of the promising triticales in the present study may also 
be determined as the crop has gained considerable value as a forage. 
Table 96 Correlation coefficient values (r) between growth parameters and dry 
weight, growth and yield parameters with grain yield and leaf N, NRA with grain 
protein (Experiment II). 
Parameters Sampling stages Dry weight 
Tiller number plant' 
Leaf number plant'' 
CGR 
Net photosynthetic rate 
Tiller number plant'' 
Leaf number plant'' 
Dry weight plant'' 
CGR 
Net photosynthetic rate 
Ear number planf' 
Ear weight plant'' 
Length ear'' 
Spikelet number ear'' 
Grain number ear'' 
1,000 seed weight 
Leaf nitrogen content 
Nitrate reductase activity 
* Significant at P = 
** Significant at P = 
NS = Non-significant 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering-heading 
Heading-milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering-heading 
Heading-milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
 0 05 
= 001 
0 873** 
0.713** 
0 645** 
0 645** 
0 625** 
0 560** 
0 896** 
0 965** 
0 565** 
0 792** 
0 768** 
Grain yield 
0 756** 
0731** 
0 788** 
0631** 
0 690** 
0 674** 
0 608** 
0 786** 
0 859** 
0 755** 
0 875** 
0 467** 
0 543** 
0 730** 
Grain yield 
0 889** 
0 890** 
NS 
NS 
0 821** 
0 684* 
Grain Protein 
0 624** 
0 629** 
0 589** 
0 454* 
NS 
0 701** 
Table 97 Correlation coefficient values (r) between growth parameters and dry 
weight, growth and yield parameters with grain yield and leaf N, NRA with grain 
protein (Experiment III) 
Parameters 
Tiller number plant'' 
Leaf number plant"' 
CGR 
Net photosynthetic rate 
Tiller number plant'' 
Leaf number plant'' 
Dry weight plant'' 
CGR 
Net photosynthetic rate 
Ear number plant'' 
Ear weight plant'' 
Length ear' 
Spikelet number ear"' 
Grain number ear"' 
1,000 seed weight 
Leaf nitrogen content 
Nitrate reductase activity 
Sampling stages 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering-heading 
Heading-milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering-heading 
Heading-milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Tillering 
Heading 
Milky grain 
Dry weight 
0 805** 
0 723** 
0 685** 
0 757** 
0 591** 
0501** 
0 980** 
0712** 
0 368* 
NS 
0 853** 
Grain yield 
0614** 
0 528** 
0 698** 
0 677** 
0613** 
0491** 
0 648** 
0 704** 
0 826** 
0 707** 
0 577** 
0 649** 
0 574** 
0 696** 
Grain yield 
0 892** 
0 862** 
NS 
NS 
0 724** 
NS 
Grain Protein 
0 617** 
0 698** 
0 612** 
0 574** 
0 433* 
0 784** 
* * 
NS 
Significant at P = 0 05 
Significant atP = 0 01 
'• Non-significant 
Table 98. Correlation coefficient values (r) between parameters at harvest with grain 
yield (Experiment IV). 
Parameters Grain yield 
Ear number plant" 0.996** 
" Ear weight plant'' 0.996** 
Length ear'' 0.782** 
Spikelet number ear'' 0.962** 
Grain number ear'' 0.842** 
1,000 grain weight NS 
Above ground N yield 0.996** 
NHI 0.912** 
Seed yield merit 0.948** 
Nitrogen yield merit 0.999** 
Merit of genotypes 0.992** 
* Significant at P = 0.05 
** Significant at P = 0.01 
NS = Non-significant 
SUMMARY 
CHAPTER-6 
SUMMARY 
The present thesis entitled "Mineral nutritional studies on some new 
cultivars of triticale" comprises six chapters. 
Chapter 1 emphasises the importance of the problem and the desirability 
and justification for undertaking the present study followed by a brief plan for 
the proposed work. 
Chapter 2 comprises the review of available literature on relevant 
aspects of adaptation and mineral nutrition with special reference to the 
application of nitrogen (basal and split) and phosphorus. 
Chapter 3 gives the details of the materials and methods employed for 
the four field experiments, with relevant information regarding the 
meteorological and edaphic conditions of Aligarh. 
Chapter 4 includes the significant data obtained using standard statistical 
analysis, presented in tabulated form and summarised briefly below: 
Experiment I (1998-99) was a simple cultivar field trial to study the 
adaptation and response of 200 newly released triticales with regard to 
germination, lodging, days to heading and maturity, disease resistance, growth, 
yield and quality in comparison to a locally popular wheat (HD-2204). A 
uniform basal dose of N150P30K30 was applied prior to sowing. On an average, 
all triticales showed better germinability, resistance to lodging as well as 
disease and curtailment in days to heading and maturity compared with the 
wheat check. The grain yield varied from 22.14 - 54.95q ha"' with an average 
of 36.17q ha"', while wheat recorded 47.0q ha"'. Five cultivars gave higher 
grain yield than wheat. In general, triticales possessed higher grain protein 
content than the wheat check. 
Experiment II (1999-2000) was conducted in the field according to 
factorial randomised block design on nine cultivars of triticale selected on the 
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basis of the data of Experiment I, keeping the same wheat check while applying 
0, 100, 150 and 200kg N ha'' with uniform dose of phosphorus (30kg ha"') and 
potassium (30kg ha''). Higher doses of nitrogen, particularly excess N (N200), 
which proved deleterious, caused lodging. Days to heading and maturity were 
also adversely affected. In general, N150 proved optimum for most growth 
characteristics. However dry weight, leaf N and NRA gave maximum values in 
N200 at early stages of growth. Moreover, at milky grain stage, N150 proved 
optimum for these parameters. Yield characteristics were also most favourably 
affected by N150 while N200 proved deleterious and Nioo, inadequate. Treatment 
Ni5o proved optimum for protein yield, lysine content, lysine yield, 
carbohydrate content and yield, as grain yield was maximum in this treatment. 
On the other hand, N200 proved optimum for grain N and protein content. 
Cultivar En 140 performed best with respect to growth and yield 
followed by En 33. Both out-yielded the wheat check in grain yield, protein 
yield, lysine yield and carbohydrate yield, whereas En 28 and En 8 proved at 
par with the wheat check in grain yield while the rest of the cultivars were 
inferior to wheat. All the cultivars surpassed the wheat check in protein and 
lysine content. However, wheat proved comparatively better than most 
triticales in carbohydrate content. 
Experiment 111 was also conducted in the field during the year 1999-
2000. The aim of this factorial randomised experiment was to test the 
comparative performance of the same nine triticales (as tested in Experiment 
11) in comparison to wheat check under 0, 30, 60 and 90kg P ha ' with a 
uniform dose of N150 and K30. Treatment P60 proved optimum while P90 proved 
wasteful and P30, deficient for most of the growth and yield parameters. Leaf P 
and N contents were increased with P application at all the three stages and leaf 
NRA, at tillering stage only, while leaf K content and grain protein and lysine 
contents were not affected by P application. However, Pgo increased the grain 
carbohydrate content. 
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Cultivar En 140, again gave the maximum values for almost all growth 
characteristics as well as photosynthetic rate, leaf P and K content, yield 
characteristics, as also including grain yield, above ground biomass, protein, 
lysine and carbohydrate yield. It was followed by En 33 and surpassed wheat 
check in grain yield whereas, the rest of the cultivars were inferior to wheat. 
Most triticales proved superior to the wheat check in grain protein content, 
while all surpassed it in lysine content, with En 186 being the best for the 
former and En 140 for the latter. However, wheat proved superior to all 
triticales for grain carbohydrate content with En 33, only being at par with it 
for this parameter. 
Experiment IV (2000-2001) was also a factorial randomised block 
design field experiment based on observations made in Experiments I, II and 
111, where from two highly adaptive cultivars were tested against the same 
wheat check. The aim of this experiment was to find out whether single or split 
application of N is preferable. Further, to determine the most efficacious dose 
of phosphorus for the proposed strategy of N application, two of the more 
effective doses emerging in Experiment III, viz. Peo and P90 were included in 
this last trial while potassium was added uniformly at K30. By and large, split 
application Nioo+so proved better than single application of N150 as well as the 
split N dose (Nisooo)- The latter dose proved deleterious for most of the 
parameters studied except protein content. The efficacy of split application was 
also confirmed by nitrogen and seed yield merit, and merit of genotype, which 
also gave optimum values for the dose Nioo+so- However, application of 60kg P 
ha"' proved at par with the higher dose (90kg P ha') with both single or split N 
dressing. 
En 140 maintained its superiority over En 33 and the wheat check in 
yield as well as in quality, except for grain carbohydrate content. Therefore, 
N100+50P60K30 interacting with En 140 proved the best combination for almost 
all yield, quality and related characteristics. 
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Chapter 5 includes consideration of experimental results and their 
correlations in the light of research work of other scientists on cereal crops in 
general and triticale in particular. Conclusions have been drawn and a future 
plan of work has also been incorporated. 
Lastly, Chapter 6 (the present chapter) gives the gist of the entire study 
and is followed by an up-to-date bibliography, comprising the references cited 
in the text. 
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APPENDIX 
APPENDIX 
1. Papain solution 
It was prepared by dissolving 4ml of papain/ml in 0.3M phosphate 
buffer (pH 7.4). The solution was filtered before use. 
2. 0.05M carbonate buffer (pH 9.0) 
3. 0.05M borate buffer (pH 9.0) 
4. Copper phosphate suspension 
This was prepared as follows. 
Solution A: 2.8g of CuCb-SHsO was dissolved in 100ml DDW. 
Solution B: 13.6g of Na3p04.12H20 was dissolved in 200ml DDW. 
Solution A was poured into solution B with swirling and the mixture 
was centiifuged at 3,000 rpm for 5 minutes to collect the precipitate. The 
precipitate was washed three times in 15ml of borate buffer and after each 
suspension pellete was centrifuged. After third washing, the pellete was 
suspended in 80ml of borate buffer. 
5. 2-chloro-3, 5 dinitropyridine solution 
The solution was prepared fresh, just prior to its use. One ml of 
methanol was added to 30mg of 2-chloro-3, 5 dinitropyridine. 
6. Amino acid mixture 
phenylalanine 40mg 
valine 40mg 
Arginine 50mg 
Serine 50mg 
Aspartic acid 60mg 
Glutamic acid 300mg 
Leucine SOmg 
proline SOmg 
lOOmg of amino acid mixture was dissolved in 10ml of carbonate 
Cystine 
Methionine 
Histidine 
Alanine 
Isoleucine 
Tlireonine 
Tyrosine 
Glycine 
20mg 
20mg 
30mg 
30mg 
30mg 
30mg 
30mg 
40mg 
buffer. 
